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PREFACE

This report was preparad in accordance with ghe Memorandum of Undarstanding
baetween the Department of che Army, Deputy for Enviromment Safety and
Qccupational Health (CASA(I&L)), and the U.S. Environmental Protection aAgency
(EPA), Office of Dripnking Water (ODW), Cricteria and Standards Division, for
the purpose of developing drinking water Healeth Advisories (HAs) for selacted
environmental coantamipants, as requested by the Army.

Health Advisories provide specific advica om the levels of contaminants in
drinking watar at which adverse health effacts would not be anticipated and
which include a margin of safaty so as to protact the most sangitive members
of the population at risk. A Hsalth Advisory provides health effects
guidelines, analytical methods and recommends treatment tachniques on a
case~-by—-case basis. These advisories are normally prepared for One-day,
l0-day, Longer-tarm and Lifetime exposure periods whare available
toxicological data permit. These advisorias do not condoune the prasence of
contaminanes in drinking watar; nor are they legally enforceable standards.
They are not igssued as official regulatioms and they may or wmay not lead to
tha issuance of national standards or Maximum Contaminant Lavels (MCLa).

This rsport i3 the product of the foregeing procesa. Availabla rtoxicological
data, as provided by tha Army, on the munitions chemical 2,4,6-trinitrotoluene
{INT) have been rsviewed and realevant findings are prasented in this report in
3 manner so as to allow for an avaluation of tha data without continued
referance to the primary documents. This report has besn submictad to
critical internal and extarnal raviaw by the EPA.

A companion document, "Data Deficisncies/Problam Arsas and Recommendations for
Addizicnal Data Base Development for Trinitrotoluane"” is included in this
raport.

I would like to thauk thas authors, Ha. Lorstta Gortdon aad Dr. William Hacclay,
who provided the extensive tachnical skills required for the praparacicn of
this rapert. I am grataful to the membars of the EPA Tox-Review Panel who
took time to revisw this report and to providc thair invaluabla iopuc, and I

-t A L I B [, V. I T SR o | M R,
would liks to thank Dr. Edward Chanian, Calsf, Health Effscts Zramch, and Dr.

Joseph CagrYwvo, Dirsctor, Critaria and Standards Divisiom, for providing aza
with thesppportunity and sncourigement to be a part of thias project.

f

Tmerawvavsanny Aav--mnnr

mmnmnmtadid e af Bhda Lied drnwes ream fvvdad o maes
- -- u ------ S=Rsy ~AgSEReERLL

o T
&u- ?h'v“-h““ wde  widendl SR E oo N ¥ -“ LunLs el

(1AG) 85~7P5869 between the U.S. EPA and the U.S. Army Madical Raesearch and
Development Command (USAMRDC). This IAG was conductsd with the tacinical

support of the U.S. Army Bicmadical Research and Davelopment Laberacory
(USABRDL) .

Xrishan Khanna, Projact Officar
Qffics of Drinking Watar
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I. INTRODUCTION

The Health advisorvy (HA) Program, sponsorsd by the Ofiice of
( affaspes= analesrical A

Dr;1kirg w
s - haml ~c r‘\
W)y prQVlc&s J.su..ux:ma.;.;uu on the health affects, AllaLyiliad. e o]

acment technology that would be useful in dealing wich the contaminacio
drinking water. Health Advisories describe nonregulacory <concentrations c
drinking water contaminants at which adverse health effects would not be
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contain a margin of safety to protect sensitive members of the populationm.

Health Advisories sarve as informal tachnical guidance to assist Federal,
Scats and local officials responsible for protecting public health when
emargency spills or contamination situations occur, They are not to be
construed as legally enforceable Fedaral standards. The Advisories are

subject to change as new information becomes available.

Healeh Advisories are developed for One-day, Ten-day, Longer-term
(approximataly 7 years, or l0Z of an individual's lifetime) and Lifetime
exposures based on data describing noncarcinogenic end points of toxicity.
Health Advisories do not quantitatively incorporate any potentlial carcinogenic
risk from such exposurs. For those substances that ara known or probablas
human carcinogens, according to the Agency clasaificatipn s¢heme (Group A or
B), Lifetime HAs are not racommendad. The chemical concentration valuas for
Group A or B carcinogens are correlated with carcinogenic risk escimates by “
employing a cancer potancy (unit risk) value together with assumptions for
lifetime exposurs and the consumption of drinking water. The cancer unic risk
is usually derived from the linear multistage model with 95% upper confidance
limirs. This provides a low-dose estimate of cancer risk toc humans that is
congidered unlikely to pose a carcinogenic risk im excess of the stated
values. Excess cancer risk estimates may also be calculated using the
Cne=-hit, Weibull, Logit and Probit modals. There is no currsnt undarscanding
of the bioclogical mechanisms involved in cancar to suggest that any one of
thesa models is able to predict risk more accurately than another. Because
each model is based upon diffaring assumptiona, the estimates that are derived

can differ by several orders of magnituda,




. GEMERAL INFCRMATION AND PRCPERTIES

Trinitrotoluene (INT) or, more specifically, a-TINT is the commen designation
for i,%,6=trinicrocoluene, the most widely used milicary high-explosive
(Castorina, !980)., For purposas of this HA, cthe synonvm, TSNT, will be used
throughout co refer to 2,4,6=-trinitrotoluene. Along wich INT, the symmectricsi
isomer, five meca or unsymmecrical trinitrotoluene isomers are found in the
cTude pocdugt resuliing from the nitTation of toluene with nlcosic acid fa =ha
presence of sulfuric acid. The aicracionm occurs in a step-wise fashion by a
batch or continuous process.

'!'1 - PR R == m o= e T — Y Sy D J.G__J -

& inuous process as employed at the Radford Army Ammunicion Plant
(RAAP), a prototype for Army Ammunition Plants (AAPs), utilizes 997 nitric
acid and 44% oleum (109% sulfurie acid, a solution cf sulfur trioxide in
anhydrcus sulfurie acid Small and Rosenhlact, 1974) to nitrace toluane in sgix

............ 2o TP il d owle -l ahd mamad A Ed amtsd mus vid Wl

sodium sulfice (sellite) (Ryon et al., 1984), This process has been further
medified to employ eight nitrator vessels fitted with dynamic (centrifugal)
separators, thereby emsuring 3 greater degree of safety and efficiancy The

wd B ammd o frrmad apa
pub-n.a..a-l-a.h.a.uu Fhuuaaa £Cnsists

posc-gellite washes,

of two acid washes, th ad two

The cruda INT contains approximately 5% of tha me:a-isoﬁers. These are

raducsad tno ahous (3 AZ by the gellire purificarion. Crude INT aless containg

AN AL WA RS W R [P - - - ——— - -

approximataly lZ of the six dini:ro:cluenn (DNT} isomers, which are not
removed during purificasiocn, and slightly more than 1% oxidacion products,
which are reduced to <l% by purification. Three additional impurities,
amounting to <l%, are introduced by the sellites procass (Ryecm af al., 1984),

Total impurities comstirtute not more than 3,242 of the finishad TNT (Pal and
Ryon, 1986).

The rasulting monoclinic rhombohedric crystals, as described in Rosenblatt et
al. (l971), when very puras, melt at 80.99°C, although a melting peint as high
as 81.6°C has been raportad and 80,.65°C i3 a commonly accepted figure (80.! =~
81.6°C). Tha color iz usually pale yellow, but a chromatographically purified
sample has been described as faingly yellow to purs white. A boiling pointc of
210° zo 322°C at 10 to 12 mm Hg has been datarmined. The specific gravity has
been varfamsly rsportad over the range of 1.3 to 1.6 gm/ce. Although the
solubilisy of TNT in watar at 20°C is only 0.013Z (130 amg/L), this is
significane for pollution and haalth issues, Its solubility in organic
solvents runs asuch higher, e.g., 109 gm/100 g of acetons at 20°C.

Two grades of TNT are used [or milizazry purposes and their purities are
measured by the solidification point (alge tarmed freezing poilar or setting
poing), which {3 considered more reproducible than a melting poinec. Grade
111, the more highly purifiad grade, has a solidificatien poinr of 80.4°C,
minimum, and sxists as a fine crystalline form (Departzent of che army, l347).

1I-1




General chemical and physical charactariscics of INT are presenced in Tabls:
II-1, ‘

Trinitrocolueng is among the least impact- and friction-sensicive of che hizh

axplosives and the impurities formed during its producticn (except for

tetranitromechane) do not affect its sensitivicy.
4
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quancicy (1% to 2%) (Rosemblact et al., 1971).

The chemical stabilicy of TNT is such thac, even at 130°C

great dacompositicn in 40 hours. Molten TNT can be sec
without any decrease in purity. TNT has been found to withstand storage ar
magazina temperatures for 20 years without any measurable deterioration.

Furthermore, moisture has no sffact on the stability of TNT, which is

Amad mer {mmawedam 4
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it undergoes no
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TABLE II-1

GEXERAL CHEMICAL AND PHYSICAL ?EOPERTIES
0F 2,4,6=TRINITROTCOLUENE '

CAS Number 118=96-7

Narss YT, a=-trimitrocclucl, Ll-mechyl-i,s,
f-trinicrobenzens, trotyl, zolite,
triton, tricol, crilice, a~TNT

Molecular weight 227.13
Empirical formula CYHSNSQG
Seructure
CH,
OZN NOZ
NOZ
Color Yallow to whita
Physical stata Manoslinis rhemhohadral cryerals
Specific gravicy 1.654
Liquid density 1.465 g/cm3
Vapor pressurs 0.053 mm (85°C); 0.106 mm (100°C)
Solubilicy characteriscics Watar: 0.013 g/100 g (20°C)
Carbon tatrachloride: (.63 g/100 2
(20°C)

Tolusne: 55 g/100 g (20°C)
Acstone: 109 g/100 g (20°C)

Melring peing 80.1 - 81.6°C

Boiling peint 210°C (10 mm) = 212°C (12 mm)
Freezing point 80.75 £ 0.05°C

Flash point 240°C (explodaes)

Couvaersion factor i z:?ag z.éélzg/:;z(%gggé;7§2Qm:§§;)

a/aaferences: Clayton and Clayton (1981); Rosenmblact ac al. (1973);

Department of che Army (1967); Wiadholz (1976); Zakhari and Villaume
(1978) .
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iltl. OCCURRENCE

Trinjtrocoluena was produced and usad on an enorBous scale during Werld War T
and World War L1 and may te considered the most important amilicary Dursting
charge explGéive. It has found wide application i{n sha2lls, bomds, grenadas,
demclition explosivas and propellant compositions (Department of the Army,
L34a7),

Trinitrotoluene i3 manufactured primarily by the continuocus process, as
described above, in Army Ammunition Plants (AAPs). Production from 1969-1971
was reported as 45 million pounds/month with a capacity of 85 million
pounds/month (Ryon et al., 1984), It has been reported that as much as one
half million gallons of wastewater have been generated per day by a single
plant involved in the production of TNT (Hartley et al., 198l).

Trinitrotoluene wastes have a unique terminology as described inm Rosenblatec et
al. (1973)., "Nitrobodies" include TNT, other TNT isomers, products from the
sallite purification process and by-products from the preduction process. The
spent sellite washings are high in solids content and are called "red warer”.
Ryon et al. (1984) have reported that "INT is the largest single non=-polar
component”. The major organic components identified are 2,4-dinitrotoluene-
Jwsulfonate and 2,4=dinitrotoluene~5=gulfonate, which makas up approximataly
ona-chird of the polar organic fraction. Such water is intensely red-colored
and either is sold to paper mills for sulfur contant or is concentrated by
evaporation and incinerated. It is not amenable to purification and, hecause
it i3 classified by EPA as a hazardous wasta, 1t cannot be discharged into
streams.

"Pink water” comes from both manufacturing plants and from load, assemble and
pack (LAP) facilities. That from manufacturing plants can arisa from Mahon
fog filrer effluents and nitrator fume scrubber discharges and {s known to
consist of the DNTs. While not positively identified, these two sources of
"pink water" ara also believed to contain all TNT isomers, mononitrotoluenes
(MNTs) and possibly dinitro-m-cresols arising from the displacement of a nicro
group on TNT isomers. Additionmally, "pink water" from manufacturing plants
arises from "rad water” distillaces (evaporacor condansacte from concancration
procass) end consists of DNTs, while those from finishing building hood
scrubber sad wash-down effluents ars also beliaved to contain primarily DNTs.
Spent acid rscovery vastas Tay be an additional sourcs of "pink water”
generatad duriaog the maaufacturiag process (Dacrs and Rosemblazs, 1574)., OCn
the other hand, "pink watar" from LAP facilirias, rasulcing primarily from
shell washout operations, contains esgsentially pura TNT, usually contaminated
with hexahydro-l,3,5-trinitro=1,3,5-¢criazine (RDX) or other additives. The
pink color == pale straw to brisk Tad = arisss undar naustTal or basic
conditions, esvecially when the wastas are axposed to sunlight (Rosenblat:z et
al., 1973).

III-1




A number of photodegradacicn products of TNT have been identifiad in OTZAnL
solvent extracts of "pink water". Those degradatiocn produccs that are watar
soluble (but not exwmractable by organic solvents) have noc baan fully
characterized; however, as many as thircy components of condensace wastew
{i.e. steam distillates arising from the concentraticn of '"'red water' Qy
gvapcration) obtained from the Volunteer AAP have baen i{dantcifiad and

e
- -

quantiriad (lanle III-l). Other constituents not darived from INT degradscicn

include the toxiceologically significant DNT iscmers, particularly 2,4= and
2,6=DNT (Dacre and Rosenblate, 1974).

I11I-2




Table I1I-i. 90th Percencile Concentrations and Relagive
Concentrations Datermined Ior Ccondensace Componen:sa

90tk Percencila
T/

-

- Concancration Concencracicn
Condensate Component (mg/liter) (%)
Toluane . G, 20l 3.0
2-¥icrotoluene (NT) 0.030 0.089
4=Nizrotoluene 4/ ¢.100 0.295
J=Nitrobenzonirrile / 0.013 0.0353
4-Nizrobeanzonitrile 0.009 0.027
2=Amino=4=NT / ' £0.033 0.097
Z-Amino—é-NTd/ 0.010 0.030
J=-amino=4~NT 0.027 0.080
3-Mathyl-2=-nicrophenol 0.012 0.033
5-¥achyl-2-nitrophencl 0.032 Q.094
l,3=Dinitrobenzene (DNB) 4,000 11,803
2,3-Dinitrotoluene (DNT) 0.4Q0 1.180
2,4=DNT 14,700 v 43,377
2,5-DNT 0.400 1.180
2,6=DNT 7.300 21.541
3,4-DNT 0.500 1.475
3,5=-DNT 4/ ‘ 0.520 1.534
3,5-Dinitroanilina 0.058 0.171
1,5-Dimachyl-2, 4=DNB (DNX) 0.390 L.151
2-Amino-3, 6-DNT $.030 ¢.089
2-Amino=-4,6-DNT 3.020 ‘ 3.059
J=Amino=2,4~DNT 1.500 4,426
3-Amino=-2,6=DNT 1.200 3.541
bepmino=-2,6=-DNT £.600 1,770
b-Amino=3, 5-DNT 0.200 q.590
S-Amino=-2, 4=DNT 4/ 0.700 2.0686
2,4=Dinicro=-S-mechylphencl d/ 0.085 9.251
1.3,5=-Trinicrobenzena (TVB) 0.133 g.451
2,3,6=Trinitrotoluena (oNTy 0.268 2.791
2,4,6=TNT . 0.400 1.180

alg e e 1a7a
b/:m]:lx'!n:l. Spanggord et al., 1978

Detarmined by clustar analysis of data points from two studles via a
c/speciallr developed computar program.

The 90t% percentils concentration of those compounds appearing in at least
4,102 of the samplas/sum of the concsntrations of all components.
%/ Compounds were not present in 10% of the samples. Valus given represents

the mean of the non-zaro valuas.
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V. ZNVIRONMENTAL FATEZ

Saveral studies have bzen conducted co detarmine the environmental facs of TNT
in wascewatar. 3ased on a review of the available litarature and the 2hvsi
and chemical properties of TNT, Spanggord at al. (198Ca) indicated that
sedimenc adsorption and velatilizacion were not likaly co be significant face
processes, but further investigation was recommended. Degradacion via
o=azalvsis and bictransformation, but not hydrolysis, varz considered

significant.

n «1

a°

Eased on the waight of avidence in experimants conductad under a wide range of
condirions, Tuckar et al. (198%) reportad that adsorpeion Iin soil would be an
important process affecting the migratiom of TNT, with the cation exchange
capacity and organic carbon contant most critical in determining che degrae of
adsorption. Molecular diffusion was also considered an important factor and
was related largely to percolation rate while vapor phase diffusion would only
be significant in arid climates whera soil clay content was low.

In contrast, Sikka et al. (1980) showed that sorpticm of TNT to poud sediment
is measurable but not axtansive, is correlatad to time and concentration and
is stongly, perhaps irreversibly, bound. Sorption of TNT to sediment is also
directly related to pH and temperature. The degradation produccs of TNT alse
appear to be adsorbed to sadimenc. ‘

The photolytic degradacion of TNT wastewatar is well known, as indicated by
the formation of "pink water”, and aumerous degradation products of TNT have
been identified., Laboratory studies have determined that photolysis 1s the
primary procass invelved in the loss of TNT from the environment, and that the
concentration of TNT in wastewater will decline rapidly within a short
distance of its discharge point., Furthermore, photolysis is accalerated by
the products formed during the photolytic process as well as by natural
substances. Using a computer model, Spanggord et al. (1380b) estimaced
probable concantratiocns of TNT and its degradation products in watar bodles.
Based on detailed kinetic investigations, an enviroomenctal half-life of 3 to
22 hours was calculated. Burlison (1980) detsrmined that the major
tranaformation product in natural watsr was 1,3,3-trinitrcbenzene.

In concrast, Spanggord at al. (1980b) demomstrated a slow biotransformation of
THT in astural wvatar, even in the presencs of small quanticies of organic
cutrients. The major procass of transformation was reported zo be via
1ifTo-group reduction wirh no ring cleavags detactad. The Z-aminc and
4=aminodinitrocoluenes wvers the major biotranaformationm products (Burlisonm,
1980). Half=lives of 3 to 25 days wers experimentally estimared for TNT,
Similarly, Spanggord et al. (1581l) datar3ined chat velatilizaciom of TNT was
very slow and that actual rates were consisteantly lcwer than those estizated
by physical and chemical properties,

IV=-1




v, PUARMACCKINETICS

Trinitrotoluene 1is absorbed by inhalation, ingestion or skin comtacst, Tapidly
higcransiormed in the liver, excreted in the urine and discributsd te tha
organs; however, rapid clearancs precludes extensive biocaccumulacion. It is
metabolized primarily by reduction of the nicro group and, to a lssser axcaneg,
by oxidation of che mechyl group and ring hydroxylation. Glucuronide
conjugatas nave deen Lound and 4~amino-I,S-dinitrctoluena is the main
matabolite idencified (Ryon, et al.,, 1984). Available data indicate that TNT
is well absorbed (more than S0X of the administerad dose in most experiments)
in a variety of test species. The major route of excration is via urine wich
some (genarally che balance of the racoverad dose} in the fecss and
gastrointestinal (GI) tract plus its contents. Distribution to other tissues
is usually less than lZ. Only negligible amounts (0.1%7) were recovered in
expired air. Several metabolites have been identified in the urine of various
SPCCIBS includiog uyq'fc‘ui‘]ﬁ.e.l.sq, @ono— and dinitze and mono— and diamico
derivatives.

A, Absorption

Lee at al. (1975) studied the absorption of TNT in Charles River (D female
rats (175 to 250 g) that were fasted overnight before being given a single

oral dose of approximately oue teunth { the LD, of the test compound (i.e.,
27 wmew ) anilad wich 10 nf‘4 af esha CalahalTad ﬁnnnnund Tha taer mararial

i WR/ K/ ; FP RS Wawie e B R ol ol - —— -

was suspendad in peanut oil and administered via intragastric incubation atc a
volume of | 21/100 g body weight., After dosing, each rat was placed in a
"Roth-Delmar” metabolism cage where feces and urine were collectad separataly.
Ar the tarminarion of asach asxperimant, sach rat was zneagthetized, and acrtic
blcod was collectad in a heparinizad syringe. Liver, kidneys, brain, luzg,
thigh muscle, GI tract plus coutents and the faces were homogenized and
assayed for radicactivity at 24 heurs after TNT administratiecn.

Approximactaly 60X to 74X of the administerad dose was absorbed in the Z4=hour
period. Most of the absorbed radicactivity was excreted in the urine,
averaging 53.3% of the administered dose, with about 262 of the radicactivity
found in the GI tract aod the faces, A negligibla amount of radicactivizy was
racoversdt-in the expirad air.

o e

From :hlﬁi;l- laboratorias, Hodgson et al. (1977) and El-hawari et al. (1i881)
reported on the absorption of TNT administersd 3s a single oral dosgse ac

100 mg/kg (spiked with 25 uCi/kg of the ' C-TNT) to mala and femala Charles
River CD or Sprague-Dawlay rats (200 to 300 g) using che same procesdure as
described by Laa at al. (1975), Table V-1 compares tha results of these thrae
studiags. About 33X to 657 of the administared radicactivity appeared ia the
urine withia 24 hours, Most of the remaining radicactiviiy was recoverad in
the GI cract plus contants and in the faces, averaging 265 to 18T of thes dose.
The urine was bright red in color indicating the presence of metabolic
products.

V=1




Tabla V=1
- . s -2
Zercencage of Orally Administared TNT
Recoverad in Ratcs in 214 Hours

Strain Charles River CD Charles River CD Sprague-Dawley CD
Dosa . 82 mg/kg 100 mg/kg 100 mg/kg

Femala(B)b’ Male(4) Female(4) Male(4) Femala(s)
Total Recovery g2.1 91.3 102.0 91.6 102.4
- z = a 1 Ay a A A aC/
rECES e d e b o L Qe ARy
GI Tract
plus contents 20.7 29.7 33.9 - 29.8 33.9

. . -

Urine 53.3 52.7 64.5 52.7 64,577
Expired Air 0.1 NAd/ NA - NA NA
Qthar Tissues 2.5 0.8 1.5 1.1 2.0
Author Lee et al. (1975) Hodgson et al. (1977) El-hawari et al. (1981)
a/

ring-UL-lAC; standard deviations omitted.
c/(n)-numbers of animals analyzed.
d/Significantly different (p<0.05) from males.
Hot amalyzed.
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Similar studies wera conductad by these same auchers (Hodgsen 2c al. 1377,
Tle-nawari et al., 198l) in albinoc CDl mice, New Zazland rabbits and beagle
dogs. Results are ccmpared in Tables V-2, V-3 and V-4, respeccively.

A5 seen in Tahla V=2, about 427 to 507 of the radiocactivity adminiscsrad o
mice appeared in the urine within 24 hours. A range of 187 to 337 of che dose
remainad in the GI tract plus contents and the feces. As in the rat, mouse

uring was brizhe rad.
In rabbits, Table V-3, about 66% to 79% of the administered radiocaccivicy
appeared in the urine within 24 hours. The radicactivicy in the GI tract plus

contsnts and in the facas averaged 5% to 137 of the dose. Unlike that of the

rat and mousa, rabbit urine did not contain a red pigment.

The results for dogs wers similar to those for rabbits. As indicated in Table
Vi, ahout 56Z to A0Z of the administerad radicactivity appeared in the urine

within 24 hours. The GI tract plus contents and the feces contained 133 to
21% of the dose. Similar to the rabbit, the urine did not contain a red

pigment.

El-hawari ac al. (1981) also compared the 24~hour recovery of radiolabelled
INT in all four species following a single oral dose of 50 mg/kg to =2ach. As
sean in Table V-5, rats, mice and dogs excretad relatively equivalent amounts
in the urins wher=as, in rabbits, the urinary excretion of radicactivicy was
higher with a proportional decrease in the percent of radicacfivicy recovered
from the GI tract plus contants and fecea. Even at this l0-fold higher dose,
red pigment was not detacted in the urine of the rabbit and dog. This red
pigment has been reported to occur in the urine of humans "poisoned" witch TNT
(Hassman, 1972 as citad in El-hawari et al,, 1981).

El-hawari et al. (1981) studied speciss differences in the absorptiom and
excretion of TNT as a funetionm of the route of adminiscrarion. Swiss albino
mice (20 to 30 g), Sprague-Dawley rats (200 zo 300 g), New Zealand rabbits (3
to 4 kg), and beagle dogs (8 to 14 kg) were used in parallel oral and dermal
studies.

In the oral s:ud*gs, test animals were fasted overnight before receiving
single doses of = C-INT dissolved in peanut oil. Iz the dermal study, the fur
on the back of the Ezsc animals was removaed with elsctzic clippsrs and, on the
following day, the = C-INT in peanut oil was spread over the depilatad areas.

Rats and mics wers dcosed at 50 mg/kg and dogs and rabbits wers dosed 3t either
5 or 30 mg/kg. Animals wers placed in individual mecabollsm cages for the
saparate collection of urine and fesces. At 24 hours after dosing, animais
were apescthetized and killed, and blood, liver, kidneys, lungs, spleen, brain,
skelecal muscle, fat (retroperitoneal), and zhe Gl tract plus contents were
analyzed for radicactivicy. ’

V=3




Table V=2

a/ -, ‘
Parcentage of Orally Administered TNT (100 =g/ /xg)
- Recovered in Albino CDL Mice in 24 Hours

Male (7)°/ Female (8) Male (7) Female (8)
Total Racovery 101.4 86.8 80.0 60.4°/
Feces 42.6 18.2 22.0 9.0
GI Tract /
plus concencs 12.4 7.4 13.4 7.4°
Urine 44.7 60.5 41.9 42.9
Other Tissues 1.7 0.7 2.7 1.1
Author Hodgson et al. (1977) El-hawari et al., (1981)
a/

b/ring-UL-LaC; standard daviacions omitted.
< (n)=numbers of animals analyzad.
/Significantly differant (p<0.05) from males.
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Table

V-3

a/

Percantage ¢f Orally Adminiscared INT (3 2ag/kg)
Recovered in Rabblts in 2+ hours

Male (3)bf Female (3) Mala (3) Female (3)
Tocal Recovery 78.1 94.7 77.6 83.9
Feces I.B 1.8 1.8 1.8
GI Tract .
plus contents 7.5 10.8 7.5 4,7
Urine 66,3 78.9 66,3 78.8
Cthear Tissues 2.5 3.2 2.0 3.8
Author Hodgson et al. (1977) El-hawari et al. (1931)
a/ 14

b/(n)-numbers of animals analyzed.

ring=UL-" C; standard deviations omitted.




Table V-4

Percencage of Orally Adainiszered rxra/ (3 =2g/%g)
Receverad in Dags in 24 hours
. b/ - . - -

Male (1) camaie (3) Malas \3) Tezmala (3)
Total Recovery 79.6 87.5 77.4 88.2
Feces 5.4 16.7 5.4 16.8°
Gl Tract
plus contents 2.9 4.3 10.0 4,4
Urine 59.1 83.0 35.9 8.2
Qther Tissues 5.2 6.5 6.1 6.8

Author

Hodgson et al. (1977)

El-hawari et al. (l981)

a/
b/

| Y

- - —— -
e/

ins-UL-I&C; standard daviations omitted.

— . JEPE [P |

4ll@als anatyzsa

Significantly differentc (p<0.05) from males
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Table V-3

/

Percentage of Orally adainistered N7 (30 =g/kg)

/

Recovered in 24 hours

b/

Rats (3) Mice (8) Rabbics (2) Deg (1)
Total Recovery 92;2(81.3)CI 94.4 103.6 %4.2
Faces 10,7 (2.1} 24.1 5.1 22.2
GI Tract
plus contents 20.2(35.3) 10.2 22.7 L7
Urine s9.5¢62.5%  s59.0% 74.3 61.0
Qther Tissues 1.8 (1.4) 1.1 1.5 3.3
Author | El-hawazrl et al. (1981)
a/

ring-UL-lAC; speacific activity 19.76 uCi/mg;
daviacions omitted, '

c {ﬁ)*ﬁ“-hifs Gf n--l—-‘ls mﬂal}-:ad

deala(Femala) values.
Bright red pigment in urine.

-
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absorpcion of INT was confirmed by both che oral and darmal rouces o :
adeinistration. The auchors raportad that TNT is readily absorbed aitar oral
administcration with rabbits and dogs appearing to absord mors TiT tham rz¢s
and =ice. The—extant of oral absorption is reportad as approximate basad oo
the recovery data since the extent of biliary excration and enterchepacic
circulacion was not evaluated. The dermal experiments ccnfirmed the cotenmcial
absorpcion of INT chrough the skin with absorption being tighesc in zale
rabbics (57-682) followed by male mice (42%), female racs (235%), male rats
(23%), and male dogs (16=172). 1In all species, total elimination of the
administared radicactivity was reported to be lower after dermal applicacion
as comparad to oral administration. Table V-6 compares the rcoctal recovery as
a parcent of the administered dose in rats, mice, rabbits and degs by beth
routas. As in the previously described oral studies, red pigment was present
fz the urine of rats and mice treated dermally with a single application of
C-TNT but not 1n the urine of dogs and rabbicts.

In an effort to simulate inhalacion exposure, El-hawari et al. (1981)
instilled 50 mg/kg of TNT suspended in methyl cellulose into the trachea of
anesthetized, tracheotomized, male and female Sprague-Dawley racs. Concurrent
?ﬁperimnn:s were performed in rats treacted orally with the same dose of

C-TNT under the same experimencal conditioms. After 4 hours, both groups of
rats were sacrificed and tissuas and bladder urine were collected for anmalysis
of radicactivity.

After intratracheal instillatioms, the authors reported that the rate of
absorption was fastar, and the extent of absorption greater and more uniform
with less individual variation as compared tc orally treated rats. Crinary
excretion in intact male rats, &4 hours after intratracheal imstillacion,
averaged 19.3% while, 4 hours after oral adminisecracions, the urinary
excretion averaged 14.6%, Urinary excreticn in female rats treaced

fntrazracheally cor crally was somewhat lower, averagimg 13.2 and 10.0Z,

respectively. The authors described tha pharmacokinetic behavior of the TNT
after intratracheal instillation as "comparable to the behavior usually
observed aftar intravencus administration of other xanobiotics." Direcz
comparison between intragracheal and dermal routes vas not acudiedi As in the
previcus studiss, the urine of racs treatad with a single dose of C=-TNT by
intratracheal instillation contained the characteristic red pigmenc.

Since the GI zracts of the rats treacad by intratracheal inscillation
contained considerable amounts of radicactivity, scwme of the rats in this
axpariment vers bile-duct cannulated for collectiom of bile. Table V=7
ccupares the recovery of the radiocactivity in cannulated andhnon-cannulated
racs four hours after oral or intratracheal treatument with **c-TNT. Excrecion
of radicactivity in the urine and bile was higher after intratracheal
administration but lower in the I tract when compared to orai administration.
The authors reported that enterchepatic recycling of TNT and/or its
mecabolites was suggestad by a higher recovery of radioactivity im the urine
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T S T U A =~ R B

Total Racoverv of C TNT Afcer Ora; and ,Dermal
adminiscrac v

Dose Parcenr of Dose Racavared
Spacies Sex ag/kg Cral Derzal
Rac (3/6)° Male 50 92.2 22.8%/
Rat (3/6) Female 50 81.3 24.8%/
Mice (8/6) Male 50 94.4 61.7%/
Rabbir (3/4) Mala s 95.6 88.1%/
(2/2) 50 103.6 56,99/
Dog (3/3) Male 5 99,4 16.8%
(/1) 50 94.2 15.9%/

Based on El-hawari at al. (1981)

a/S:a.nda:d deviations omitted; fat and skin (including site of applicaticm)
b/ara not included in recovery estimates.

/\u/ xu = aumber of animals svaluatsd oral/dermal.
d/Significancly diffarent (p<0.03) from oral treatment,

Not statistically amalyzed.
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Table Va7
al . 1n - . L ey m
Percentage of Orally and Intratracheally Administerad C=TNT
(50 mg/kg) Racavered in Sprague-Dawlay Rats in -+ Hours

Iatact Biis Dugr-Zlannulzzsi
Oral (S)b/ Intracracheal (6) Orai {3) Ineratrachaal {(4)

Total Recovery 95.5 42.9%/ 93.4 46.0%/
Urine 12.3 ©16.3 9.6 15.1%

e/ e/
GI Tract 76.4 15.2 66.2 2.4
" o9 1M rd L Ic/
[rle — - iv.0Q L7, i
Cther Tissues 6.9 11.4 1.0 il.s

Based on El-hawari et al. (1981)

a/Average racovery male and female; standard deviations omicted; fae not

b/ineiudad in recovery estimates.
c/(n) = number of animalg analyzed.
Significantly different (p<0.05) from oral treatment (males and females

analyzad separately).
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c¢f the intact rats and a radioactiviey level in the Sile of rats equal 7z 27
sreatar chan that excretad in the urine.

B.

|

iscrihution

-~

Studies on che raegovery of radiocactiv Ey from varicus tissues 24 hours alter
rreatment indicate rhar ratention of C-TNT in the tissues of rats, amica,
rahhits and dags ig not axtansgiva hur that diffarencss hactwaan szacizg and
routes of adainistration did occur.

&26 et al. (1975) reportaed on tha distribution of radicactivity from
C-labelled TNT in Charles River CD female rats. At 24 hours after dosing,
small but significant amounts (0.2 to 1.0%) of radicactivity were fouad in the
blood, liver, kidmey, and skeletal muscle. Small amounts (<0.l%) were also

found in the lungs and brain. The tissue to plasma radigactivity ratio
suggested some retention of radicactivity in the liver and kidney,

In the same study, another group of rats received 3 lethal dose of TNT in
order to detarmine how much of this compound was distributed to the brain. In
these animals, only 0.1% of the administered dose was found in the brain ag 30
minutes. Small amounts (0.1% o 0.3% of the total administered dose) were
~also found in the liver, urine, kidneys, and whole blood cof these animals.

Data on the distribution of LAC---TNT in four animal species in tha study by
Hodgson et al. (1977) indicate that there were nc major spectes differences in
the discribution of radicactivity in the tisgues analyzed. In mice and rats,
small amounts (0.2 to 0.7%) of radicactivity were found inr the blood, %iver
and kidneys. The other tissues contained only negligible amouncs of ~ C.

In rabbits, small amounts (0.3 to L.0Z) of radioactivity were found iz the
bleod and liver, while in doga small but significant amounts of radiocactivity
wara found in the blood, liver and muscle (1.2 to 2.2%}. The other tissues
contained only negligible (< 0.23) amounts of C.

In the study by El~hawari et al. (1981), at 24 hours, blood and tissua of dogs
contained a higher percsntage of administared radicactivicy than did the blood
and cissue of rats, mics, or rabbics. Table V-8 compares the radicactivity
racovered; from various organs, as a parcantage of adminiscered dose, in all
foufaspoedln 24 hours afrar the oral administration of a single 50 mg/kg dose
of * C-T¥T. Administracion of diffarent doses (100 mg/kg iz rats and mice or
5 mg/kg ix dogs and rabbits) produced gen-rall;hcomparable tisgue levels 24
hours after oral adminiscration. Racovery of (C-TNT waa greatast in livaer,
skaletal muascle and blood.

Table V=9 comparss the tissua=-co-blood concentration ratio (ug eq/z of tissue
per ug eaq/ml Slcod) in rass, mica, rabbics and dogs ar the samea 30 ag/ig oral
dose, Higher tissua-to-bloed razies (>1.0) weres noted in the liver, <idnays
and lungs in rats, mica and rabbicas and in the spleen of mica. Lower racios
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Percentage of Adminiscered

Table V-3

1

Vi - . oAl
C-T%T (50 ag/xg)

/

Recovarad

IvOm VaTLIouUS

Organs 24 Hours aAftar Oral Adminiscraticn in Four Spacies

racs (D% wice (3)%  Rabbies (2)

Liver 0.4 0.4 0.6
Kidneys 0.2 <Q.1 <0.1
Spleen - <0,1 <0.1 <0.1
Lungs <0.1 <0,1 <Q.1
Brain <g.1 <0,1 <Q.1
Skelatal Muscle Q.6 2.4 Q.6
(as 40% body weight)

Whole Blood. ‘ 0.3 0.2 0.3

R Y _ |

P ‘e ca A —leam
(a8 /A 0Dody weignaiy

d/ Dog (1)

L.3
O.L.
€.3
0.1
<0.1

.7

5.4

d/

Yased on El-hawari at al. (1981)

-t
af

14
g Single dose of ring-UL-" C-INT

(n)=wumbers of animals analyze

d

/Average recovery, male and females combined

Malas only

V=12
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Table V-9

; a/ L .
Tissue-to=3locd Concencration Racios at 24 HAours Alser
. PR * - 4 , M
Qral Administration of C-THT (30 =mg/%g} to Male Arnimals

Fae

Blood

Racs Mice
4.1 5.2
3.3 1.3
0.6 1.2
2 1.7
0.3 0.4
0.5 0.5
0.6 0.8
Locl.7n®  1.0¢0.9%)

Rabbitsg
3.8
1.6

0.8

1.0(2.26)

<0.1
G.2

1.0(29.22)

Based on El-hawari et al., (1981)

:fus eq/g tissue per ug eq/ml blood
(n)=ug eq/ml

V=13




(<1.0) were generally noced in train, auscls and fac of all speciss, splaen oI

‘rats and Tabbizs, and in all tissues of the dog. The resulcs of this
comparison saem to indicace that the unusually aigh blood concenzratens, in
-z eq/ml, may-account for the distribution paccern in deogs dosad 2t 30 =g k3.
when dosad at 3 mg/kg, the distribusicon pattarn in various tissues oI the doz
indicates a higher percentage of radicactivity in cthe liver (2.47), but a
Locwer percencaze (L.1X) Ln the bicod. <Comparisom of the cissue-to-ticog
concentration ratios at this lower dosage level indicates values similar to
those of the other speciss. Table V-10 compares these two dosing levels in
dogs.

Radicactivity remaining in most tissues was comparable after oral and dermal
adminiscration, however, residual radicacti %cy was higher in the fat of all
species following dermal application. The ~ C content of the liver was
generally higher after oral dosing.

In genaral, radicactivity in most tissues of the rat was higher four hours
after intratrachesal inscillation than after oral adminiscration. The highest
amounts of recoverad ra.QJ.Ud.LI:.LVJ.B)' \L-Gh) were found io mu:ua.t:, bloocd and
liver. In this study, lavels in the muscle and blood of femala rats were
about two times higher than in males for both routes.

~ - =1
e i b & e/ LD

Lee at al. (1975) measurad the excrecion of lhc-labelled TNT {in Charlas River
CD female rats. At 24 hours after dosing, an average of 531 of che

ndmiuiauﬁhsd dosse was %xarated in the urine whila ﬂpprﬂv*frﬂ:fﬂTxr 717 was Fﬂ!ln(‘]

in che GI tract plus contents and 6% in cthe feces. Ounly negligible amcuacs
wara recovered in expired air.

on at al {|Q77\ and Elehaward .eP al. 1QR 1Y alan aft

w hme N [ =B g - - al -y

0f ~ C-labelled TNT in mals and female Charlas River CD or Sprague-Dawley
rats., About 53% to 65X of the administered radicactivity was recoverad inm the
urine in 24 hours while an average of 302 co 34% of the dose was found in the
GI eract pluas contents. Males and femalas excreted approximacely 8% and 2%,

raspectively, in the fecas.

In similar scudies in albino CDLl mice, New Zaaland rabbits and beagle dogs,
Hodgson et al. (1977) and El-~hawari et al. (1981} rsported that excrestiom of
radicactivity in mice was 42% to 60 in the urine, 92 to 437 in the feces and
7% to 13% in the GI tracet plus contants (Table V-2).

In rabbits, these same authors reportad the 24 hour excretiom of the majoricy
0f the radioactivity in the urine (663 ta 79%) with much smaller amounts in

the GI tract plus contents (3% to LiZ) and feces (<23) (Table V=3),

Similar tc rabbits, dogs excreted 56% to 50X of the radicactivity in the urine

v-14
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Table V~1Q

. . I
Percentage of Crally aAdministered = C-T¥T Hecovered and
g 7
Tlssue=to=-3loed Concentration Ratios in Male Dogs

A Eecdvafy Tissue-co=-3load
Concentracion Ratios™'
5 mg/kg 30 _ng/kg 5 mg/kg 30 mg/kg
Liver 2.4 1.5 4.9 0{5
Kidneys 0.1 g.L 1.4 0.3
Spleen <0.1 0.3 0.8 0.7
Lungs 0.1 0.1 l.1l 0.3
Brain <0.1 <0,1 0.2 ‘ <0.1
Muscle (40% of body wt.) 1.4 i.7 0.2 <0.1
Blooed (7% of body wt.) 1.1 5.4 1.0(0.?2)b 1.0(29.22)
Fat | - == 0.2 2.2

Basad on El-hawari ec al. (1981)

a/

ug aq/g tissue per ug eq/ml blood

bf(n)'us eq/ml

V=15



24 hours afcer oral dosing while the GI tract plus contents concained =7 ¢
107 and the faces 3% te L7% (Table V-4) (Hodgson et al., L377; Zi-kawari e
alL., l2s8l).

Q2
-
<

When El-hawari st al. (198l) compared the 24 hour recovery of radiclabelled
INT in all four specles following a single oral dose of 30 mg/kg ta each,
rats, mica and dogs excreted relatively equivalent amounts in che urine,
averaging 607 of the dose while recovery from the urine of rabbits was
approximately 752 of the dose. The percentage recovered from the feces and
the GI tract plus contents was somewhat wmore varlable between the species as
shown in Table V-3.

El~hawari et al. (198l) also compared the excretion of TNT in racs, mice,
rabbits and dogs as a function of route of administration. Im all species,
total excreticn 24 hours after administration was lower aftar dermal
application as comparad to the oral route. When the oral routa was compared
to intratracheal inscillation, 4 hour recovery was highest im the GI tract
plus contents of the o¢rally treated rats (76X) while similar amounts
(approximacely 153) were recovered in the urine and GI tract plus contents
after intratrachesal inscillation. A direct comparison between the dermal and
intratracheal routas was not gtudied. ‘

In this serias of studies, El-hawari et al., (1981) reported the presenca of a
bright red pigment in the urine of rats and mice treated by different routes
of administracion while the urine of rabbits and dogs treated orally and
dermally contained no such colored pigment, esven after doses up to 30 =g/kg.

D. Merabolism

The prasence of four functional groups on the TNT molecule would permit a
variaty of metabolic transformations %8 occur, to include oxidation of the
methyl group, oxidation of the benzene nucleus, reduction of the nitro groups
and conjugation. Only minuts quantities of unmetabolized TNT have been
identified in the urine, and in virro experiments suggest that the liver is
tha major site of INT biotransformation.

In the study by Lee et al. (1975), a thin-layer chromatographic (TLC) analysis
of the radioaetive compounds in the urine and in brain of rats using a solvent
system of ethyl acatate:petroleum sther indicated that all the radioactivicy
in the 30-minuts and 24~hour urine samples remained at the origin (point of
application), whersas TNT has anm R_ value (ratio of movement from
origin:solvent fromt) of about 0.7§ in this system., The radioactivity from
the 30-minute brain extract had an R, of 0.2, indicating cthe presence of Jne
metabolite different from that in the urine. A 24=-hour urine sample was also
develcped in a butanol:methanol:water system. There were one major and
several minor peaks of radicaczivity. Almost no radicactivity was assocliated

wicth the TNT or the dinitrotoluenes which have R, values of about 0.95 iz this



solvent system. No actempos were zade in this study o idencily TNT
mecabolitas.

Hodgson et al, (l977) stated tha: analysis of urinary mecabolices recovarad
indicaced.-thar TNT was metabolized extensively in all Zour specias studiad ang
similarly in rats, mice and dogs. The rabbic, on the other hand, had a
somewhat different metabolic profile, suggesting a species difference in che
mectabolism of THT. The presence of a red pigzmanc Ln cthe urine oL rass ana
mice, but not rabbits and dogs, also suggests speciles differances in
metabolism. Furthermora, glucuronide conjugation appears to play an important
role in the metabolism of TNT in the rat and dog, but net the rabbic.

In this study, fmicial TLC analysis was carried out on rat urine that had been
extracted with CHCl_:MeOH (3:1, v/v) both befors and after hydrolysis with 3N
HC1l (at 100°C for l hour) and then evaporated and assayed for radiocactivity.
Matabolites identified in rat uriae, with and without hydrolysis, included
trinitrobenzyl alcohol, 4-aminc=-2,6~ dinitrotoluene, 2-aminc-4,6-dinitro-
toluene, diaminonitrotoluenas (not specified) and trinitrobenzoic acid (in

nydrolyzed urine only). Unmetabolized TINT accounted for <lX of urinary
radivcactivity. Urioary mecabolites from other speciss wers nof presentad.

In the study by El~hawari et al. (198l), urinary metabolites of rats, mice,
dogs and rabbits wers axtracted with ethyl acetate  under mildly acidic

o d A dmd - - [ tee]
counditions and saparatsd by thin laysr chromategraphy using fwe gelvent

systems with different polarity. Tentative identification of metabolitas was
carried out by comparing solubility charactariscics, reactions with specific
spraying reagents, and R_ values of the metabolites with those of standard

referencs compounds. Quintitative determination of individual metaboli

not feasibla in this study.

The authors stated that INT was metabolized extansively in all gpecies
examinad, whathar trearment was aral, darmal or intraesracheal. Large porticns
of the metabolic products wers conjugated with glucuronic acid, buc no
conjugaction with sulfatas was indicated by incubation with aryl suliatasa.
Most of the metabolic products were reduction derivatives, including the 2-
and 4-hydroxylamines, the 2- and 4-monmcaminodinitzo and the 2,6- and

4, wdilaminomononitro derivatives. The trinitrobenzyl alcohol and tha
trinizrobensoic acid seemad to be prasent, but confirmacion was not possible.
The parsmt compound, TNT, was datected in the urine of some species in ainuce
quantities only. The extraction procedures used minimized the alterationg of
the hydroxylamines to azoxytoluens, but soms of the latter was prasent,
especially aftar fractiomation of the urinary products in the prasenca of
NaOH. Glucurcnids conjugation appearsd to play an iaportamt role in TUT
metabolism, but whila tche amount of extractablas radicactivity izmcreased afzer
incubation with 2~glucuronidase, the TLC profilss remained unchanged. Othar
products of TNT metabolism remained unidenzified. The metabolic profiles of
urice from rats, mice, and dogs differed cnly quantitatively.
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The urine of rats contained large amounts of the 4,6-diamine (and, tc a lessar
excant, the 2,6-diamine) and =onocamines (che 4~-amino and/or Z-aminc). Tha -
and 4-nvdroxvlamines and gome azoxytoluané {probably formed during
fractionacien) were prazsent in small quantities. Metabolilc profiles of urine
from male and famale racs showed no significant differences. The amouacs of
zlucuronides in urine collected from bile duct cannulated rats were lower fhan
cnosa callacrad from inraet rars. In addirion, che S~nour urine from
cannulated rats contained more of the polar metabolites and mere parent TNT.
Only minimal differences were apparent between orally and dermally treaced
rats (more unchanged INT eliminated after dermal application) and quanticative
diffarences between corally and intratracheally :reated rats. The sourca of

the red Digment was not identcified.

Compared with rat urine, mouse urina contained smaller quantities of the polar
metabolites and the diamines and more of the moncamines and hydroxylamines.
Mouse urine also contained considerable amounts of the trinitrobenzyl alcohol
and trinitrobenzoic acid. The presence of azoxytoluene was demonstrated after
fractionation by acid or base. Urine of mice contained the least glucuronide.
No major differences were evident after oral or dermal treatment except for
the presence of larger quanticies of unchanged TNT after dermal exposure,

The metabolic profiles of dog urine indicated the presance of appreciable
amounts of diamines and monoaminas. Only small amountcs of the 4=hydroxylamine
and 2-hydroxylamine, and minute amounts of azoxytoluene (which seemed to Ge
formed during fractionacion) were present. Smaller amounts of polar
metabolites and larger amounts of paresnt TNT were demonstratad in the urine of
dermally treated dogs when compared to those treated ocrally.

Rabbit uripe showed a unique profilea which differed quantitatively, and
probably qualitatively, from that of rats, mice, and dogs. The presence of
larger quantities of monocamines and hydroxylamines was demonscrated, in
addition to either or both of the diamines. The prasence of trinitrobenzvl
aleohol and trinitrobenzoic acid was indicated by their R, positions. TINT and
the azoxytolusns wera absent from fresh urine, but some of the latter was
formed during fractiomation with ether in the presence of NaOH. Urine from
dermally treatad rabbilts differed quantitatively from that of orally treatad
animals with a sharp decrsase in polar metabolitas and some increases in the
nonoamines, hydroxylamines and azoxytoluens in the dermal traatment gIoup.

Thase studias by El-hawari et al. (1981) indicate that TNT i3 extensively
metabolized in all four specles regardless of the routs of exposure. The
najority of urinary metabolites are of high polarity wich very low
extractabiliry in organic solvents and conjugatiocn with glucuronic acid is
indicatad. Most of the metabolic products are reduction derivatives and
include the hydroxylamines and mono/diaminc~dinitro derivatives, The prasence
of benzyl alcohol and acid are indicated but not confirmed. Parent TNT is
prasent in che urine of only some of the species bduf only in minuta
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quangicies, aicthouzh dermal administration szems Co increase the axcgretion 3¢
unchangad TNT. The azoxyrtoluena appears to 2e formed during the axcractiion
9rocodure in che presencs of alkali. Identification of the source of the rad

vost differences in the metabolic profiles were quantitative in nature and
were demonstrated both wichin and betwesn speciss. Quantitative diffarencss
Secween oral and dermal treatmant groups ware aindzmal, beling largely evidancged
by an increased amount of unchanged TNT present aftar dermal administration.
Convaersaly, major quantitative differencas were demonstrated between orally

and intratracheally treated animals.

Excretion patterns from rabbit urine presented a somewhat unique profile which
waa considered by the authors to most closely approximate that reported in the
literacture for humans., Even this dissimilaricy from other animal speciles

appearsd mostly quancitacive in nature, differing primarily in the amounts

hydroxylamines, which are present in the rabbit urine in larger quantities
than in the other three animal species. Of significance may be che fact that
only the urine of rats and mice comtained 3 red pigment similar to that found
in human urine after exposuras to INT.

-
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Vi AEALTH SFTECTS

‘Health effects daca from human occupacional exposure to TNT and frem
idboratory experiments with animals administered INT are summarized i: zhis
section. Tasions have been cbserved in many tissues and organ systams
including brain, liver, bloed, reproductive organs, kidnays, urinary bladder
and aves. Evidence Is presented that TNT is both mutagentic and carcincgeni:

in bacterial and anizmal tescs, respectivaly.

A Health Effects in Humans

With the advent of the large scale manufacture of TNT during World War 1, many
munitions workars raportadly diaed of TNT intoxicationm. During one 7 month
period, 475 deaths (2.82) occurred among 17,000 cases of TNT poisoning. In
one munitions plant alcne, 105 fatalities (l.53) occurred among 7,000 cases of
INT intoxication during a 20 month period (Zakhari and Villaume, 1978).
Cverall, in the four year period between 1914 and 1918, 580 deaths (2.4%) were
raported in the United States out of 24,000 cases of known TNT poisonings
(Rosenblate, 1980). In British ammunition plants, 125 deaths (268.37) over a
25 year period were reportad among 475 cases of toxic jaundice resulting from
expogura to INT (Zakhari and Villaume, 1978).

Wich tha increased awareness of the hazards of TNT exposure, the number of
fatalities significantly decreasaed during World War II, despite a dramatic
increase in the production of this axpiosive, Only 22 faralities wers
raported in the pericd betwees Juna, 1941 and September, 1945 among all
govarmment-owned ordnances axplosives plants. Eight (36%) were due to toxic
hepaticis and 13 (59%) were dus to aplastic anemia (Zakhari and Villaume,
1378). Only gna-third of the 22 were axposged to TNT at average concentrations
over l.5 mg/m”, the existing workplace standard (OSHA, 1981). Among these
cases, hepatitis was raportsd to occur more frequently among younger persons
(average age, 30 years), with aplastic anemia baing the cause of death among
older persons (average ags, 45 years). The pachologic findiangs in che
clinical hepatitis cases invariably included degenarative damage to the liver,
ugually accompanied by a great reduction in size and weight (NRC, 1982).

Sincs Woek# War II, only occasional deaths due to INT exposura have been
reported’ 8ud very few problems rslated to INT use have been found in che
English~lsnguage literaturs (Mortonm et al., 1976).

In an extangive review of the litsraturs, Zakhari and Villauma (1578) reported
on the various signs and symptoms of TNT toxicity and providaed detailed
descriptions of the moras apecific affaccs of TNT on individual body systams.
The following is a summary of this raport.

Iaitial exposure to TNT iz the atmosphere may resuls in aild irricacicn of zhe
ragpiratory passages (nasal discomfort, sneezing, spistaxis and rchinisi
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20ss5ibly asscclated wich headachs) and skinm (erythema and papular erupticas
orogressing Lo desquamacion and exfoliation). Gastrointestinal disorders, c:z
includa nausea, anorexia and constipation, sometimes associated with
cighcaning of the chest, are among the firsc signs of possible intoxicatico.
Epigastric pain ncc associated with food intake is 2 cardinal symptom.

Absorption of sufficient amounts of TNT through the skin or lungs can produce
signs of cyanosis (due to methamoglobin formation), toxic jaundice (due to
severe liver damage), aplastic anemia (due to damage to the erythropoiescic
systam), cataract formation (possibly a direct effact of TNT vapor or dusc;
may be first and only clinical manifestation), menscrual disorders {(hypo- or
"hypermenorrhea), neurological manifestations (neurasthenia, nystagmus,
irregularicies of tendon reflexes and adiadochokinesia; only 2.27 of the cases
in one study manifested diffuse brain lesicns; S0Z of zhe persons examined in
another atudy showed irregularities in their thermoregulating reaction to heat
and cold (Kaganov et al., 1970 as cited in Zakhari and Villaume, 1978)) and
naphrotoxiciey (as evidenced by a significant rise in glomerular filecration
rata, sodium ratentiom, urgency, frequent micturiticn and lumbar pain).

Upon physical examination, the findings may include a yellow disceloration of
the skin, nails and hair. This 13 usually due solaly to staining with TNT and
is not to be confusaed with the jaundice associated with liver toxicity. More
significant would be a bluish discoloration of the mucosa indicacive of
daveloping cyanosis. Other physical findings might include dermatitis wich or
without rash (early appearing rashes may clear), epigastric pain, tendermess
and/or spasm, enlarged and palpable liver and changes to the electrocardiogram
(bradycardia, decreased amplitude of QRS complex, flattened T-wave) and
electroencephalogram (decreased amplitude of biopotentials, slowed activity,
poor reaction to stimuli), functionmal in nature, and apparently due to
vascular disturbaunces in the brain (Ermakov et al., 1969 as cited in Zakhari
and Villaume, 1978).

Laboratory findings include am amber to deep red coloration of the urine and
various effacts on the hematological parametsrs and blood chemistries. 1In
several cases whers THT exposuras resulted in death, specific postc-mortem
findings included facty changes ia the liver and kidneys. Foulartom (1918) as
cited in Zakhari and Villaume (1978) raportad that in 3 specific cases of
death due to TNT intoxication (exposure level and duration not specified), the
ilver showed signs of advanced degeneration, disintegrariom of parenchyma,
fibrosis and advanced interlobular round-cell infileration. Fat was
distributed in both parenchyma and fibrotic tissua. The kidney alsc showed
signs of fat accumulation aleng with cloudy degenerationm of the epithelium of
the conmvoluted tubules. Tha glomeruli wers, Howaver, frse of far globules.
Numerous fat granules were scattered throughout the intaralveolar tissues of
the lungs. Magses of brownish material were found in all three organ systams.
While thare &
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cataract formaticn resulting from industrial exposurs to INT, Zakhari ana
Yillaume (19783) described several studies that reported the finding of
cataracts among European and Russian dynamice workers. The cataracts have
been raported to often occur without other toxic manifestations (Manoilova,
1968) while Tyukina (1967) described changes in the crystalline lens as
occurring in four stages and being characteristic of TNT-induced cpacities,
2asily distinzuishable from these of different origins. 'Bagsmar and Juran
(1968) reported the ccaurrence of cataracts ia 26/61 (42.6%) workers, aversge
age of 44.5 years, exposad to TNT for am average of 8.4 years. The cataracts
were described as V-shaped or lunar, white-grey in color and located in the
area of the lens equator. In some casas, the opacities had merged to form an
irregular ring. While atmospheric levals were not reported, the auchors
indicated that cataract formation was not associatad with other toxic effects,
and that repeated examinations indicated no other health effaects in 16.9% of
the workars with THT-ralated cataracts. In 1978, Hassman et al. confirmed the
occurrence of cataracts characteristic of TNT exposure in 87Z% of a group of 34
TNT workers with previcusly diagnosed or suspected TNT cataracts. Centrol
subjects were not included in this study. Average axposure duration was
approximately l4 years. Other TNT-relatad effects were minimal, confirmed in
only 9% of the exposad group and reported as chronic INT intoxication.

More racantly, Harkonen et al. (1983) reportad on the occurrence of equatorial
lens opacities in & of 12 occupationally exposed workars in Finland. The
bpacitins were described as bilaceral and symmetrical. They had no efif=ct con
visual. acuity or visual fieldas. They wera detectable only in tha periphery of
the lens, being either continucus or discontinucus. Exposure duration was 3
approximataly 6.8 years with workgocm air concentrations averaging 0.3 mg/m
Wl:ﬂ a range OI U L‘b £0 U JQ mgjm . rnys:.ca; examna::l.ou as WQ.LJ. as severa-
blood chemistry parameters wara normal. The average age for the 12 workers
was 39.5 years with tha subgroup having positive cataract firdings averaging
43,8 years vs 35.2 years in thosa without cactaraccs. In 1984, Makicie ec al.
caported thac 1§/21 {85X) wotrkers sxposad to TNT for a meam of 12.3 years in
the processing and packing of explosives had daetactable equatorial lens
opacities, most frequently in the antarior cortex of the lens with decreasing
density toward central areas. The mean age of the exposed workers was 4l.1]

bA- T3+ whils am‘-yu-:i-. lavals baﬂg%d from 0.1 £o Q.4 mg/ /m”~. Tan workers

showed vazying degrees of central opacity, from minuts gpots to small
TosetTes, byt these opacities wars so slight that no affect was detsctable cn
visual acuizy. In 30% of those with the peripheral lsns opacities, che

dangire waa ea nlfahf thatr nn ehadaw war gaen 1w fundus rsflax nhnfgcr h
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There have been no raports in the litaraturs nor in ocsupational heal:h
surveys oa the occcurrencs of cataracts in munitions workers in the Unitzed
Stacas.

The mechanism of TNT-cataract formation i3 net clearly defined. While move

racent studies (Harkonenm et al., 1983) have investigatad radical formation,
based upon the vulnerability of the peripheral lens fibers to effacts of
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eroxidation, as a possible cause of TNT-relaced cataracts, nc definicive
>gnclusicns could Se drawn frtom this .u.;.vm:t..).gat.‘.ﬁﬁ Several studies implicacs
irect contact and local absorpsion as the probable cause (Xroll and
Lolevatykh, [965; Manoilova, 1967 as cited in Zakhari and Villaume, 16783,
hased upon the absence of syscemic affects in the majority of the axposed

R

individuals wich the psesicive cataract fiadings. The weak polaricy of TNT
also supporcs ics abilizy to directly penatrate the lens.

¢

[s W

It has also baen found that individuals daeficient in glucosa-é-phosphats

dehydrogenase (G6PD) may be particularly suscsptibla to TNT inmtoxication. In

one report (Djerassi and Vitany, 1975 as cited in Zakhari and Villaume, 1978),

onset of hemolytic episcdes occcurred in 3 iadividuals within 2 to 4 days after

ini:ial exposure to TNT. Based on these and similar findings, it was
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requirement for TNT workars.

Effects on the whita blood cells (WBCs), as evidencad by an increase in the

large mononuclear leukocyts count, may 2lsc be an early indicacor of TNT

poisoning. Hamilcon (1946) reported that increases in these cells usually
preceeded sympcoms of illpess and levels remainad elevated for 2 to 3 montchs
following initial occurrence (cited {n Zakhari and Villaume, 1978).

Toxic hepatitis and aplastic anemia have besn reportad as the prinecipal cause
of death following INT intoxication. Zakhari and Villaume (1978) raported
that several fatal cases of aplastic anemis were associated with earlier
episodag of non-faral toxic jaundice or hepatitis. They further indicaced
that aplastic anemia can occur after a lacent periocd of several years
following an attack of toxie jaundice. Hyperplasia cof the bone marrow 1s the
first rsaction of the hemapoietic tissues to TNT poisoning.

In a report prepared by the Departmant of the Army, as guidance standards in
induserial medicine and hygiane (DARCOM, 1976), gastrointestinal symptoms were
reportad as often tha first indicacion of toxicity. This raport also
indicated tha lack of a claar relationship betwean the occurrenca of the
dermacitis oftan asscciated with exposure to TNT and the developmant of
systemic affscts; either may exist in tha absencs of the other.

Clder raports on the adverss health effects associated with exposure to INT
generally did not include informazion on workplace concentrations. Iz cmne
uncontrolled study, Ermakov et al. (1969) as cited in NRC (1982), reportad
that, 122 (21%) of 574 employess exposed to an avsrage INT conceantration of 1
og/m” were chronically poilsoned; work exposures ranged from 6 to 25 years,
Most of those affectad had functional discrders of the central nervous systam,
with 223 (27) having chronic anemia and leukopenia, 20% (24) with cataracts,
and 12I (1l5) with symptoms of hepatitis. No comparisons were mades with
unexposed control populations.
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Several reports of controlled studiss have providad some information
early and subelinical affects of TNT expcsura (Scawart et al., 1943,
Ghawabi et al., 1974, and Hathaway, 1974 as cicaed in ¥RC, L982; Morto —he s
16758), A significant finding in chese epidemioclogic studies is the occurrenca
of hematologic and hepacic abnormalizies ac jVT concantrations well “elow che
Zermissible Exposure Liamic (PEL) of 1.5 mg/m~ (OSHA, 1681). Amecng the mdost
persiscent findings were mild reductions in hematocris (Hee), hemoglebin (Hgh)
ccneengractions and raed 5lood cell (RBC) counzs of exposed persons. Loese
findings have been attributed mostly to the destruction of red cells by
hemolysis due to exposure te TNT or to its metabolites (Vaegelin et al., 1922,
Cone, 1344, as cited in NRC, 1982; Hathaway, 1377).

In one study cited by Zakhari and Villaume (1978), a group of 62 undergraduate
students were exposad to atmospheric concantrations of TINT ranging from 0.3 to
1.3 mg/m”™ for approximately 33 days (Stewart et al., 1945). Observed changes
in 207 or more of the subjects included a decrease im Hgh and circulating
blood cells, an increase in the number of reticulocytes, a small but
significant decrease in plasma proteins and a significant increase in
bilirubin. The authors indicated that males wers more susceptible to the
hemolytic effects of INT than were females.

Goodwin (1972) reportad that, in a 1951 study at the Lone Star Army Ammunition
Plant (LSAAP) in Texarkana, Texgs, mean atmospheric contaminanz levals for TNT
{dust and fumes) were 2.35 mg/m~, with Do axhaust ventilatiom systems in use.
In a series of tests conducted under a Physical Recheck Examinatioun Program,
the Thymol Turbidity teast, indicative of liver call irritation, was used co
evaluate liver impairment. From a total of 1,337 tests run during one
screening periocd, 87.5% of the workers wera within the selectad normal range
(to 2.9 Maclagen units) with no signs of liver toxicity. Of the remaining
workers with liver function tasts above the normal range, from 2.9 to >3
MacLagen units, 36 (<2.5%) showad classical symptoms of liver damage. Liver

f R camn dom Blha ablfanmad commlimmm dmd md alVTee it Moml amam ..;od @w  =adeu. comma
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to noraal limirs within chree weeks of their ramoval from the contaminacad
anvironment,
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Hygiane A.yney (USAEHA) at a THT washout facilicy ac Latrterkammy Army Depot in
Pannaylvqgiq, Frisdlandar at al. (1574) tsported that employees exposed for 6
months tee IXT ac varicus work locatious_in the facility and ac acmospheric

lavala ranaine from <0 02 rn 3 00 ma/m diapiaved alinically and
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statistically significant decreases in Hgb and Ect lavels uhnn ¢compared to
pra~expoasurs values., Furthermors, a statlstical comparison of thesa
post-expeosurs values with those of matched controls (non-exposed individuals)
at the sama facility indicatad a higher rata of abnormalitles in tha exposad
individuals and mean value diffzrsnces betwveen the Two groups.

T
dnd b

Y
i
[+
0n
l'
ll

in additicn to significant differencss in the Hgb and Hct values (0,005 < p <
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0.01), significant differences were also found in RBC count and blood urea
nicrogen (BUN) (0.005 < p < 0.0l) and in reciculocytes, esosincphils and
giucose (0.0 < p < 0.03). Yo significant differences could be demenstrared
in several otifar laboratory parameters including serum glutamic-oxaloacetic
transaminase (SGOT), lactic dshydrogenase (LDH), serum alkaline phosphatase
{SAP), cholestersl and zocal bilizubin, among others. It could net he
decermined Irom chis Teport if cthe posicive clinical findings were dcse
dependsnt. '

In another occupational health survey (Morton and Ranadive, L574) conducted by
USAEHA at the Newport Army Ammunition Plant (NAAP), Indiana, the distribution
of abnormal values among workars corralated closely with both an increasged
production rata (from_75% to >l00%_capacity) and an increase in TNT duse
lavals (from 0.3 mg/m” to 0.8 mg/m™)}. Various parameters ware casted
including Hgb, SGOT amd LDH. DBased oun the zeasursd values, 62.8% of the TNT
exposed individuals demonmstrated abnormal findinga. The detection race
(abilicy to ideutify abnormal results) ranged from approximataly 267 when only
Hgb values wers evaluatad to 1002 when the valuas for all 3 parameters (Hgb,
SGOT and LDH) wers assessed. Raecovery to normal lavels occurrad upon remcval
of the individual from sources of exposurs but the time raquired far racovery
could not be determined from the available data. WNo atatistically significant

differences could be found in the incidence of abnormalitiss when results waera
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sufficient,

Further statistical analysis of these clinical parameters as mnasureg prior %o
tha time of increased TNT production (atmospharic lavelsg of 0.3 mg/m™) paired
with_rhose one monch aftar production was increased (armospheric levels of 0.3
mg/m”) indicated a statistically significant increase in LDH levels (P <0.005)
and SGUT levels (P <0.0l) following the increase in production rate. No such
corralation was seen in hamoglobin lsvels (Morton et al., 1978). This
increase in both the number of individuals with abrormal test results and the
dagrea of the abnormality wers corralated with the highar atmospheric lavels
of TNT, leading the autgnr: to question the suitability of the Thresheld Limit

Valua (TLV) of 1.5 mg/m” recommended at that tima (ACGIH, 1971).

In a followsgp to the two previously cited occupational health surveys at Army
facilitiasyaJRAREA perforaed & cross—sectional epidemiological scu?y invg}ving
626 employedili: exposed to one or more munitior compounds (INT, rox?, mx’)
and 8365 nonwexposed employees from 5 Army Amaunition Plants”’ (Buck and
Wilacem, 1975). All individuals were evaluated for liver function (SAP, SGOT,
sarum glutamic-pyruvic transaminase (SGPT) and bilirubin) and hematological

S

}cyCIo:rimnthylnnet:initranina (1 hexahydro=1,2,5-¢ringeczo=-1,3,5=trisz1ne)

cyclotetramechylensacacranitramine (occahydro-1,3,5,7=-tetranicro=-1,3,5,7-
tatrazolinae)

Joliac, lowa, Milan, Voluntser and Holston
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\Zgb, Het and raticulocyce counc) abnormalicies. Neo avidence of liver
toxicicy was lndicated by che parametsrs studied. This result appears to be
in concrast co the positive findings of liver toxicicy in the NAA? scudy.
Joweyer, exposure. Lavels {n this cross-sectional sfudy wers2 generally <C.3
mg/m3 withonly aprroximacely 127 of che INT workers exposad at lev gls >3
zg/m” while at NAAP, exposure levels rose to approximately 0.8 ag/m .
Accordingly, the authors indicated that 0.5 mg/m™ =ay be considered a
reasonadla no effect lavel L[or hepatotoxicicy.

On the other hand, a significant hematological effect was observed among INT
workers exposed in chis cross-sactional study to atmospheric levels of <C.5
mg/m . This positive effect was evidencad by a dosa response relationship for
all cthree parametars and occurred more readily among males. Thegse resul:ss
suggested to the authors chat low level TNT exposure (<0.5 mg/m”) may induce a
low grade hemolysis with a compensatory mild reticulocytosis. It was not
possible to decermine a no affect level for hematological effects from the
study. As a result of this study, USAEHA recommended that the TLV for TNT in
the work.place be lowered from the existing level of 1.5 mg/m~ to a level of
C.5 mg/m” and that the U.S. Army adopt 0.5 mg/m”~ as their airbornme exposure
standard for TNT.

B. Healch Effects in Animal Experiments

As indicated by studies in rats, mice and dogs for pericds up to four weeks,
dierary intaka of TNT resuited in early but not persistent decreases in body

weight and food intaks while the red pigmencation in tha urine persisted

throughout. S3Scme anemia was evident but somewhat inconsistant wiile
hemosidarosis of the spleen was seen in all chree species. Rats developed
testicular atrophy. Table VI-l summarizas these toxicity studias.

Lee et al. (1975) determined the acute oral toxicity of TNT in Charles River
CD rats and albino Swiss mice. Rats and mica were fasted for ar least lb
hours prior to dosing by intragastric iatubation with a 4,122 saturated
gsolurion of TNT int peanut oil. Aftar traatmenr, tha survivors wvere aobsarved
daily fow l& days for delayed mortality or toxic signs. The LD,
calculated-by 2 computer program based on the mechod of maxizum eikel ihood of

Finnay (1971).

The acutas LD__ valuss in mals and famala rats were 1,010 and 3820 =g/ kg,
respectively} in male and female mica they were [,0l4 and 1,009 mg/kz,
respectively. Symmetrical coordinated convulsions asscciated with respiratory
inhibition occurTed within 5 to 15 minutas aftar dosing and continuad for L o
2 hours. Death, when ir occurred, was usuyally dus to respiratory paralysis
while survivors appearsd c¢vyanotic and exhibited ataxia. Racoverv was complete
in 24 to 48 hours. No gross pathology atzributable 25 creatment was notad.
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Table VIi-1

Summary of Studies:

Short—term Exposure aof Animals

to TNT

Reference Specles Doge Route Durat fon
a mglkgldaya/ %eekaa
lee et al. (1975) rat, mouse - oral L"SO
rabbit 50 dermal, ocular ;4 hours
guilnea pig 4.122 dermal -
Newell et al. (1976) rabbit 9z b/ dermal, ocular up to 7 days
mouge - oral LDSO
Dilley ec al. (1978, 1982) rvut, mouse - oral LR P
dog 0.2, 2.0, 20.0 oral i
rat (male) 1.8, 8.8, 42.7, oxal 4
190.4
(female) 1.7, 8.5, 41.2,
180.4
mouse (male) 1.5, 7.0, 35.3, oral T4
184.3
(female) 1.5, 7.7, 35.9,
176.9
Levine et al, {1984a) wouge 0.3, 2.0, 14, 100, oral 4

u/

Uuless otherwise stated.

Approximate X; wastewater residue.



wizain i0 o I0 minutes after desing, a bright red pigment which szzined =h
fur and bedding appearad in &the urine of both species and continua

axcrated for several hours aiter dosing.

Dilley et 3al, (1978, 1982) also conducted acute toxiziey tests of INT usi
immature Sprague Dawley-~derived rats and Swiss Webster mice. The acute o
LD, s were determined in animals chat were fasted for at least 16 heours &
chey were dosed. Four or five dosa levels wich L0 males and 10 females per
dose were used. The tast material was administered as a suspension Iin corn
oil via oral-dosing needles at a volume of ! ml/100 g body weighe.

Cosarvation of survivors continued for 2 weeks and any toxic signs were ncted.
411 deaths were recorded and a gross examination was performed. The LD was
calculated by cthe same method of Finmey (1971). 20

The acute oral LD_.s of INT were 660 mg/kg in boch male and female mice and
1320 and 794 mg/kg in mals and female rats, respectively. Initial toxiec signs
included inactivity and tremors within the first | or 2 hours, followed by
petit mal convulsions. Red urine was noted in both species within 60 minutes
aftar dosing. Death, when it occurred, was within 4 hours. Animals that
survived the convulsions rscovered and were still alive at (4 days after
traatment.

The acuta toxicological effects of actual and synthetic TNT wastewaters were
reported by Newell et al. (1976) and Sasmore at al. (1977) before and after
irradiation and at diffarent pE values. The oral LD, values of che
lyophilized, recounstitutad residuss were datarmined ;n fasted, adult male and
female Swiss-Webstar mica (15~-20 g). Authentic TNT wastawatars were obtained
from the Jolier Army Ammunitions Plant (JAAP) lcad and pack (LAP) operations
and initially contained 125.5 ppm TNT and 30 ppm RDX plus sevaral minor,
unidentified components. The LAP wastewatar was lyophilized and recenstitucad
with watar and TNT was added to give the expected 9% laval (some TNT was lost
under conditions of large-scale lyophilization}. The bulk of the lyophilized
residue (917) was inorganic salts. Tha reconstitutad solutions were adjustad
for specific pH lavels, photolyzad as spaecified and either lyophilized to
solid vesiduss or axtractad with benzene and lycphilized. The residues were
adminigctscad as cotn oil suspensions/solutions. Table VI-2 cowpares the
rasults of this toxicological evaluation. For the syanthecic preparacion, the
dagree, if any, of irradiation could not be accurately determinad from the
available data; pH was statad to be 7.0; lyocphilized residues wers

g [ S gy | pRupnp—————— ] [ 0 TP —— e | smd mdwm etV AL mmm Tamo
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distilled watsr.

Toxic signs following oral adminiscracion included lassitude, cyanocsis,
GCCES;Gnal muscular 5.1551}1&5, convulsicus and red arins. Degth ggourrad {n

the first 24 hours or uot at all. Racovery was cemplata ia 2-3 davs. o
gross pathological lesions wera raported for ths surviving animals auzopsiad
aiter the l4=-day observation periocd.
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Table VI-2

(mg/kg) of TNT Wastewater 3agidue

D
- " 50 ) _ a/
- and Synthetic Preparation in Mice
3/
Parcentage Ilrradiacica
pH 0 30 10¢Q
JAAP rasidue 5.0 -— 1500 4900
(pink watar) 7.0 1300 2600 >5000
9.4 — 1600 4200
JAAP residuae e/ 5.0 -—
(benzene fraction) 7.0 50¢
9.4 -
JAAP residue 5.0 - 4200 4700
(aqueous fraction) 7.0 2500 4700 >35000
9.4 - 3900 4400
TNT 7.0 830 4/
Synthecic Wasteswatar 7.0 250-280

a/Rcfcrence: Nawall et al. (1976); residus administered as corn oil

suapensions/gsolutiona; LD50 calculated using method of Litchfield and
Wilcoxon.

Photolyzed until inirial TNT concentracions decreased by 307 and uearly
100%.

TNT reported to be major component of this fractioenm.

Result of 2 separats determinations; percent irradiaticm, if any, ot clear
for this evaluation.

b/

e/
4/
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From these studies, the authers cecncluded that the toxic compeneant of che LA2
wastewatars ovtained frem JAAP was mostly extractable wich benzane and thas UV
irradiacion also reduced cthe wascewatar toxicity. They furcther posculaced
that INT may be the principal tfoxic component as 1t comstituted appreximarcely
50% cf the-wrganic material in the LAP warer and was removed from wastawatar
both by irradiation and benzane extraction. .

Cral Lu szudies in other speciss were not availablae in the literature. Tha
following lathal doses for TNT (oral LD o’ loweat dosa reported to have caused
death) were reportad: rabbit, 500 mg/kg, rat, 700 mg/kg; cat, 1,350 mg/kg
(Wyom, 192! as cited in NRC, 1982).

a. Skin and Eye Irritation, Darmal Sensitization

The primary skin and aye irritation tests in rabbits, using the modified
Todamal Bond oda- 187, moa ad@ad 4w T aoa am =7 TATEY damldd wawad
UIE-LZB Lﬂ-EﬂUG \EBHWZQJ. E\EB&E!—HL, A.J'l‘l B ‘e =B &“ BT CEh Sdes g LTFS) o dhd e e S b AL
thae INT was a mild irritant to the skin but did not irritace the eye. A red
stain, similar 2o that seen in the urine, appeared both on the skin and around

the eye after application of a 50X TNT-peanut oll paste (Lze et al., 1975).

Topical applicatiomn of a saturatad 4.l22 soluticn of INT in peanut oil to the
clipped skin of guinsa pigs produced a 40% response and was considered a

modarata sensitizing agent (method of Magnusson and Kligman, 1969 as cited in
Taa ae al 1878%

mat Sw Gme) 2siasw

Newell et al. (1976) also evaluated the skin and aye irritation potential of
the JAAP LAP wasatawatar dry, powdarsd residues using the Draize methed in
adulr male and femala Naw Zaazland white rabbits {(2-3 kg). No skin irrircation
was observed when aither the 0% or LCOZ irradiated neat (unextractad) rasidue
was appliad to the prepared aite; hewever, considarable red skin sctaining
occurred particularly when the 1002 irradiacted residue was applied.

No eye irritation was chserved when the nonirradiated lyophilized wastewater
residue was instilled and washad 30 saconds or 5 minutes after instillatiom.
Irritation, including {iritis and cormeal opacity, was obsarved for up to 3
days when thia residue remained in the aye for 24 hours., Irritacion wvas
nearly abmemt 4 days aftar instillation-and racovery vas complete by 7 days
post-crestiens.

b. Four-Neak Studias

In a four-waek range finding study, Lavine et al. (1984a) fed TNT (N997 pure)
mixed in ground Purina chow to groupa of L0 36C3F1l aice/sex at levels of 0.0,
0.3, 2.0, l4, 100 or 7C0 mg/kg/day. Animsls wers cbserved for clinical sizns
of toxicity, and body welight and food consumption wera measursd, Pricr to
sacrifica during Tast Week 5, tha animals wers subjactad to an extanaiva
hematological and clinical chemisey evaluarion . Animals ware sacrificed by
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carbon dioxide anesthesia, major organs were weighed, and all crgans were

A arad b 4 Trmeed ~al { vy n o
fixed for histcle gZical sXamination; bone marreow smears wars p’:“car%d

Statiscical analyses were accomplished using Analysis of Variance tescs and
Dunnett's g-teést when negessary.

'h

-I.-pw o rawisdiry ar mnr?nT-‘Fv ware mheawirad M{ma
jufe p4h Rate B o ROTLaLLEY WaIeg Qosarvad. o anli=t

receiving che lOC and 700 mg/kg/day doses had rad-stained bedding. High-dosed
mice showed a reduction in weight gain and/or loss in body weight throughout
the study but food intaks was increased in males receiving this dietary level.

Az 100 asjksjda?’ ouly occasional and eTiohP dacrasgag in hg_? weighz gain

wera recorded with no altaration in food intaka.

The only significant changes in tha hermatological parametars were a decrease

in WRC in malaa and am incrsage in n1ata1nf= in femalaa racﬁ{viﬂa the high

™ ne A — N —— T - wmea -

dogse., A deose-relatad increase in bilirubin was apparent in both sexes with
increases of 25% and 502 ac the 100 and 700 mug/kg/day dose lavels,

respectively. Weights of the kidneys and tastes wera significantly decrsased
iz male mice at the 700 mg/kg/day level.

A diffuse increase ino the relative amounts of yellow-brown pigment, resembling
hemosiderin, was prsseunt in the red pulp of the spleen. The increase was of
minimal saeverity at tha 100 mg/kg/day level and of mild saverity at the
highedose lavel. Extramedullary hematopoiesis did not differ in incldence
from controls. No trestment-relatad lesions of the tasces wars evident in
this study. No neoplastic lasions wvers observed. This study identifies a
No=Observed-Adverse-Effact-Lavel (NOAEL) of l4 mg/kg/day for absenca of

effects on body weight, serum bilirubin and the spleen.

Ia four-week oral toxicity studies conductad by Dilley et al. (1978, 1982) in
dogs, rats and mice, the appearance of rad urine consistently occurred ac the
highast dose level in dogs and at the two highest dose levels iz rats and
aice. A decredse Iin weight gain accompaniad by a decrsased food intakas
occurred during the firat week or two of trsatment with recovery toward ncrmal
lavals oftsn occurring thersafctsr. Mild to modarate anemia and increased
spleen weights, usually accompanied by hemcsiderosis, at the high dose level
wers also common %o all three species. Aszophy of thas testas occurred in
rats, and imspessed cholesterol levels and decrsased SGPT activity vers
avident in doge and rats.

In tha dog study, 40 beagls dogs, approximataly six months in age at the starc
of the experiment, wers divided into four groups of five malaes and fiva
famales each, The treatment zroups recaived a TNT/lactose mixture equivalent
te 0.2, 2.0 or 20.0 mg/kg/day by capsuls. The control group racsived lacrtose
ouly, also by capsuls. All dogs wers observed for signa of toxicity and
weighed weekly, and food intakaes were racorded five days/week. Tasts include
extensive hematology, ¢linical chemistry and urinalysis. At the end of four
weeks, one dog/sex/group was sacrificed and subjectad to 2 complats
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histopatitclogical examinaction., An additicmnal dog/sex,/group was vemoved from
the ctreatmens toutine and placad on a recovery sctudy. The remaining dogs were
concinued on the treacment regimen, and resulgs are discussed under llmyeek
studies.

No toxic sizns were reported for the dogs treated az 0.2 or 2.0 mg/kg/day. a:
20 mg/kg/day, loose mucoid stools and diarrhea were frequently obsarved.
Oranga-tinted urine was evident by day six of treatmenc and centinued co
tarmination. Sporadic periods of imactivity occurred in males recaiving the
high=-dose laevel. 3oth treatment and control groups lost weight during the
firsc weak of the study with the high—-dosa group showing che greatest degree
of loss and the slowest recovery rate, but no statistically significanc
effacts on body weight wers detected. Food intakes were appreciably lower in
the high-dose group during Week 1 and slightly lower during the second and
third weeks, Organ weaight analysis indicated an enlarged spleen in the male
anu an EE.LEI'SBG J.J.VE]'.' ia :na EB‘IIIE..I.S S&C‘-flll:&ﬂ ar.cm: J:uur WGB“ UI CTeatmenc
wich INT at 20 mg/kg/day. Anemia, as «videnced by dacreases in RBCs, Hgb, Hct
and mean corpuscular hemoglobin concentration (MCHC) and an increase in mean
corpuscular volume (MCV), was pronounced at the high-dose level with Hgb and
MCHC values significantly decreased in both sexes. Clinical chemistry studles
ravealed statistically significant incradses in cholesterol and bilirubin and
decraases in SGPT and irom in dogs receiving 20 mg/kg/day but not all
parametaers weres significant in both sexes. Aftar the four week recovery

[T S § At emnwamwm] do mamlam Amd Wmd Tl msinda ton Famaloa wandad s wamadm

elevared whila SGPT values returnad toward normal. In contrasat, iron levels
ware greatly increased in both saxas aftar chis recovery periocd.
Higtopatholegical examination revealed no clear cut treatment~r

ela
sxoant nccﬂi'nTu Pha hnmna‘lf!.vnaia nﬁ' Phn ﬂﬂ1ﬂ¢ﬂ nnﬂm-ina'lu ralarad
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anemia, ip the female dog receiving 20 mg/kg/day for four waeks, A VOAEL of 2
mg/kg/day for absence of anemia and effacts on the liver and spleen is
indicatsd,

In the rat studias (Dilley et al., 1978, 1982), five groups of Sprague-Dawley
rats, 20/sax/group, recaived 0%, 0.002%, 0.01%, 0.05% or 0.25% INT mixed in
powdered Puripa Laboratory Chow (or approximately O, 1.8, 8.3, 42.7 and 190.4
mg/kg/day of TNT, reapectively, for males and 0, 1.7, 8.5, 41.2 and 180.4
mg/kg/dsr; raspectively, for ﬁamalas, basad on the auchors darta for average
incaks of TNT over the four week period). All animals were cobserved for toxic
signs; aaimal weight and food intaks wers detsrmined weekly. Tasts included
hematology and clinical chemiastry. At the end of four weeks of trsatment,
five rats/dex/lavel were fasted for 16 hours, anesthetized with chloeroform,
and blood was withdrawm by heart puncturs. The animals wers sacrificed, major
organs were weighed and all organs wers fixed for higtological examination.
Five additional rats/sex/lavel ware removed from the treatmant regimen and
allowed to recover. The ramaining racza wers continuad on the traatment
regimen for 13 weeks, and results ars described undar "Longar-Term Zxposure”
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No toxic signs wers apparent. Those rats receiving che twe highest doses
{0.05% and 0.25%) develcped a red color in the urine from Day 2 ccontinucusly
shrough the day of sacrifice. Body weights were significancly raduced in che
high-dose group, as were food intakes. In the high-dose male rars, a
significant increase was observed in che absolute and relative lLiver and
spleen waights and a decrease in the weight of the testes. Only the spleens
0f these females wera simiiarly affected alchough the liver to bedy weignt
ratios, but not the absolute liver waights, were increased. Thare were no
statistically significant differences in hematological parameters after 4
weaks of trearmant although RBC, Hgb, and Het values were reducsd in both
sexes recaiving the high dose. Only cholasterol was significantly increased
in both sexes at the high TNT dose. After four weeks of treatment, all males
at the high dose (0.25%) displayed testicular atrophy and hyperplasia of the
intarsticial cells. One male at the 0.05% TNT dose also had tasticular
atrophy. Hemosiderosis of the spleen was present in all rats receiving the
high dose and in one female recaeiving 0.05%2 TNT. UWNo microscopic lesions
associated wich the gross hepatomegaly ware found. No other lasions were
found to be related to TNT treatment although the rats receiving the highest
dose appeared to hava graater susceptibility to respiratory disease, as
avidanced by an increased frequency of alveolar collapse and dilation in the
high-dosa femalas,

During the four week Tecovery study, the red color disappearsd from the urine
in 15 days, weights increased toward normal lsavels, and food consumption
incrsased in tha high-dose groups. The weight of the testas from the
high~dose males remained low but the anemia was absent and cholasterol values
and SGPT activity wars normal. Tasticular acrophy and hyperplasia of the
intarscitial cells wara present in all five high-dose males along with
hemosiderosis of the spleenr in four of the five females. Based cn the absence
of testicular effacts and lesions in the gpleen, a NOAEL of 8.8 mg/kg/day is
indicated.

In the mouse studiss (Dilley et al., 1973, 1982), 20 mals and 20 female Swiss
Webstar mica per group racsived TNT in the dist at 0.0, 0.001, 0,005, G,025 or
0.125% INT by weight (equivslent to approximataly O, 1.5, 7.0, 35.3 and 184.3
ng/kg/day, respectively, in males, and 0, 1,5, 7.7, 35.9 and 176.9 mg/kg/day,
raspectively, in females). Weakly body weights and food consumption wers

determined. .Esmmcological paramecars wers neasursd. At the end of four weeks

¢f trsatmans, five alsa/sex/lavel wars sacyificad by anmsschesia, major organs

wars weighed, and all organs wers prsparsd for histopathological examinationm.
Five additional mica/sex/lavel wers placed on a four week rscovery study. The

remaining 10 mica/sex/lavel wers coutinusd on the study fot a total of 13
weeks, Results ars rsportad under "Longsar-carm Exposuy ra'

- ritad unday =E2La PSR L

No toxic signs related to TNT treatmsnt wers apparent, The urine of mice
recaiving tha two highest dose levels (0,025% and 0.1235%) became red in iour
to six days aftsr the ascart of trearment and remainad red throughout che
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traagtment pericd. The color disappeared from the urine 10 days after cha

g
.
wera placed on the recovery study. 3ody weights were significantly Lower than

contrals in both sexes receiving Q,1237%7 TNT aftar one week of traatmant tu
racoverv tcward control levels occurred over the nextg severa. weaeks.
Uecreased waight gain was alsc evident at che 0.CI37%7 leval bur not
significantly so. Food consumption was decreased in baocth sexes at the two
highest docse levels during the first week but was not significancly differanc
from control intake; racovery to normal intakes occurred over the next two
waeks. During the recovery pericd, the mice at the high=-dcse level slighely
increased food consumpticn during the first week but body weights did not
change to any notable degree. The only greatment-related effect cn organ
waight was a significant increase in the spleen~to-body weight racic in the
high~dosa males. While nmot statistically significanc, the mice receiving the
high dose of TNT, particularly the females, showed signs of anemia, as
evidenced by a decrease inm RBC count, Hgb and Het, and smaller increases in
MCY, MCH and MCHC. After the four week recovery period, few signs of anemia
were evident. No treatment-relatad effects were observed upon histological
examination. A NOAEL of 35.3 mg/kg/day i3 based om marginal effects at the
higher dose levael om the spleen and hematopeietic system, both apparent targes
organs for TNT toxicity.

2. Longer-Term Exposurs

In studias conductad in rats, mica, dogs and monkays for perionds ranging from
13 weeks to 2 years, dosa-rslatad reductions in body weight and food intake as
well as anemia and red pigmented urina wera evident in mest species. COrgans
consigtently affected by TNT intake include the liver and spleen In dogs, racs
and mice as well as the tastas in rats. VNo ophthalmic effects ware evident.
Evidance of carcinogenicity was established. Tabla VI-3 summarizes these
toxicity studies.

a. Thirteen-Week Studies

In a continuation of the four-week study described under "Short-cerm
Exposure”, Dillay et al. (1978, 1982) exposed dogs, rats and mice to TNT for a
tocal of 13 weasks. Groups of these animals were remcoved {rom the test diac
and allowml to recover for an additionmal four weeks. A red coloration of cthe
urine wvam-common o all three species at the higher dose levels. Only racs
showed & parsistent negative effect of TNT treatmant om body weight gain.
Anemia was apparsnt in all three species wiile hemosiderosis of che splaen was
seen predominantly in rats and mica. Liver weights wvere increased in dogs and
mice with socme necrosis in the mica. Cholestarcl lavals were incrsased and
SGPT activity was decreased in dogs and rats; these parametars wer: 0OtT

_______ .y a4
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wedsured ia mica. Trezatment with TUT fot 13 v had

;

survival in any of thess species,

Ia the dog study, thrae males and three females per group wers administered by
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Table VI-3} Summary of Studies:

Long-term Exposure of Animals to TNT

Reference Specles Dose Route Burat ton
e wg/kg/day"/ weeks
. !
Dilley et al. {1916. i982) dog 0.2, 2,0, 20 oral 13
rat (male) 1.4, 7.0, 34.7, 160 oral 13
{female) 1.4, 7.4, 36.4, 164.4
mouse (male) i.ﬁ. 7.5, 35.7, 193 oral 13
(female) 1.6, 8.0, 37.8, 184.2
Levine et al. (1981, 1984b) rat 1, 5, 25, 125, 300 oral 13
Marcin (1974) monkey 0.02, m.i. 1.0 oral 40} day
Haxe (1974) dog 0.02, 0.1, 1.0 oral 90 day
Levine (1983) dog 0.5, 2, 8, 32 oral 26
Furedi et al. (1984a, b, c) rat 0.4, 2, 10, 50 oral 104
(1984d, ¢, f) wouse 1.5, 10, 70 oral 104

al

Unless otherwiae stated.



capsule 0.0, 0.2, 2.0 or 20 mg INT/kg/day mixed with lactose for a total of il
weeks at which time two dogs/sex/lavel were fasted overnight. The anizmals
ware aneschetized, and blood was wicthdrawn for hematological and chemical
analysis. The animals were sacrificed, major crgans were weighad, and all
organs wer® fixed for hisceolegical examination. Body weights and food Lncakes
were measured weekly. The remaining dog/sex/level was removed from the teast
regimen and allowed to recover for an additional four waeks.

The only gross signs of toxicity in the dogs were loose mucsid stools and
diarthea in the 20 mg/kg/day group. Periods of sporadic inactivity were
evident in these males throughout the study, becoming persisceant by Week L2
through terminacion of the treatment. OUn one occasion, one mala displayed
signs of nystagmus. Red colored urine appeared in all dogs on the high-dose
level, beginning om Day 6 and persiscing as long ss INT was administered. The
color recurned to normal during the recovery period. During Week 12, one male
receiving 20 mg/kg/day became moribund and was sacrificed. Necropsy revealad
swalling of the left upper cerebral hemisphare, lung congestion, hemorrhagic
lymph nodes and enlarged kidneys, livar and spleen. Anemia was marked, and
cholesterol and SAP were increased. Tha authors indigcated chat the presence
of a ducdenal pematode may nave been a contributing factor in some of these
lesiong. No other dogs succumbed to the treazment regimen.

No statistically significant effects on ovarall body waight ware evident
alchough all groups lost somse walght duriag the first week; Ligh~dose females
lost apprecizbly more weight than controla. Of nots is the observation that
the mala and female placed in the recovery study after recsiving TNT ac 20
ng/kg/day for 13 weeks lost weight during this pericd, with the raversal in.

weight beginming around trzatment WeakX 10 and continuing thereafter. This

promptad the authors to speculate on a possible delayed onset of toxicity.
Food intake was appreciably lower in the high-dose group during the firsc week
and remained somewhat lower throughout. No other diffarencas in intake could

ha ralarad £~ FPrasarmane
Da 7Talatag RO .

Absolute and rslative liver and spleen weaights wers increased in both sexas
recaiving the high dose but both valuss wers within normal range in the
racovery group. While anemia was pronounced in beth sexes on the high-dose
level duving the firast four weeks of treataent (as indicated by significanc
dacreases: in Hgb, Hot and MCHC, along with an apparsut decrsase in RBC count),
by Week i¥, only the MCHC remained significantly depressed. These paramecars
wera within normal range in the famale dog on the four-week racovery regimen,
byt thay appearsd daprassed in the high=dcse zmala. Clinical chemiacry tasts
showed a significant increase in bilirubin and creatinine and a significanc
decrease in SGPT and BUN in femalas receivipg 20 =:g/kg/day for 13 weeks. In
the males, no significant diffsrences cccurred; howaver, bilirubin and
cholestarol appeared appraciably increased while SGPT and 3UN appeared
similarly dacr=ased. All parameters warz within normal range in tha recovery
animals excapt for an apparently high cholastarol and low EGPT in the
high~dose males.
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Except for the notable pathelogy in the high-dose mals sacrificed duriang Week
12 (as previgusly described), the only other lesions of possible significance
ware an enlargement and pigmenctation ¢f the parenchymal macrophages in che
liver of che Temaining male and one of che two females. This scudy
establishes a NOAEL of 2.0 mg/kg/day for the absence of anemia alonmg with the
absence of toxic affects on the liver and spleen,

In the rat study, esgentially a continuation of tha four-week study by Dilley
et al. (1978, 1932) praviously described, groups of 10 male and 10 female
Spragus~Dawley rats wers exposed to TNT in the diac atc 0%, 0.002%, 0.0l%,
0.05% or 0.25% for a total of 13 weeka. These doses wers equivalant o
approximately 0, Ll.4, 7.0, 34.7 and 160 mg/kg/day, respectively, for malas and
0, l.4, 7.4, 36.4 and l64.6 amg/kg/day, raspectively, for females, based on an
avarage calculated by the authors. Body weights and food intake were recorded
weekly. At 13 weeks, five males and five females per dose level were
anesthetizaed with chloroform, and blood was withdrawn by hear:z puncture for
hematological and chemical analyses. The animals were sacrificed, major
organs wers weighed, and all organs wers fixed for histological examinatioum.
The five remaining rats/sex/dose wers removed from the test diets and allowed
to recover for four weeks.

No deaths occurred befors aschedulsd sacrifices and no signs of toxicity were
cbservad at any dose level. All rats on the two highest dose levels (0.213%
and G,05%) developed a red color in the urine beginning on the second day of
treatment. A similar color appeared on Day 30 in the urine of rats receiving
0.01%. This red color persistad through termination of treatment but
disappeared after l& days on the ragovery study. Significant findings in che
rat study at the high-dose lavel (0.253) included growth suppression,
beginning during the first week and continuing throughout (possible "systemic
errors” in the weighing procadurs was indicaced for the two lowest dose levels
during Week 9), accompanied by a decreased food intaks, a significant decrease
in the abscluts weight of the kidney and absolute and relative weight of the
testas in males and an increass ip absoluts and relative spleen weight in both
sexas. Ansmia, as evidenced by significant decrsasas in Hgb, Het and MCHC, an
increase in MCH, and an accompanying but non-significant dscrsase in RBC
count, WAs prasent in both sexas rscsiving the high dose. Clinical chamistry
values inclofed & significant incresase in uric acid and cholastarol and a
dacrease in: gleeose in males and famales while malas also showed significant
dacreases ior SGFI, SAF aod irou and au locruass in craaciniss.

At the next highest dose level (0.05%), signs of anemia wers svidencad by
significant decreases in Hgb and Hez in both sexes and RBC count in females,

Femals rats Lt‘.u.l.v.l.ug 0.012% THT also showsd similar 5..54.&: of amsmia. Ison

levels wears significantly dacrsased in males recesiving TNT ac 0.05% and 0.01i3
but not at the lowest dosz (0.0023). Glucose leavels wers gignificantcly

decreased in zales at the 0.057 tast leval and in females at the two lowest
l=u=1¢ N N1e nvu-‘ Q QQ'}!\ “-ﬂln-d.ﬂl-v ¢4= cf l:h‘-' enmlaan
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lymphocytes in the kidney were the only lesions common to both sexes at the
nizgh~dose level and, to some degree, ac the next nighest leval (C.23% and
0_03%, respeccively) that were actributed to treatment with INT (although zwo
rats/sex at the control lavel also displayed some degree cof hemosidarosis,
This, however, became avident in coatrols only after Iour weeks on the
excended recovery study.) Male racs on the high dcse were reported co have

interstitial cells. Yo hiscopathology was dome on racs at the two lowest dosa
lavels after ll-wasks of treatment, despita significant findings at the next
highest lavel.

After four weeks of racovery, most of the above described paramecers raturmed
toward normal level; however, the Hgb, Hct and MCH in the high-dose males were
significantly increased while the kidney and testicular weights remained
significantly decresased. The liver, splsen and brain weights were
significancly increased in femalas. Histological findings were similar co
those after the 13 weeks of trearment. An unexplained finding at the three
highest dose lavels (0.01%, 0.05% and 0.2537) allowed to recover for four weeks
was a significant decrease in albumin (A) to approximactely one hali of comtrol
levels and 3 significant and marked increase in globulia (G) levels to 6 to LU
times the control levels. This resulted iz a dramitic reversal of the A/G
ratio, 10 to 25 times higher than control lavels. The authors discounted this
finding as "inconsistenz'. A NOAEL of 1.4 mg/kg/day is indicated by the
vecurrence of anemia at the next highest treatment lavel. -

Dilley et al. (1978, 1982) also continued 10 Swiss-Webster aica/sex/lavel on
diets treated with TNT at lavels of 0.0%, 0.001%Z, 0.005%, 0.023% or 0.125% for
a toctal of 13 weeka. From intake and weight data, the averaga intake of TNT
was caleculated to correspond to approximataly 0, 1.6, 7.5, 35.7 and 193.0
mg/kg/day, respectively, for males and 0, 1.6, 8.0, 37.8 and 184,21 mg/kg/day,
respectively, for females.  Animals were cbserved for sigms of toxicity; dody
weight and food intaks ware recorded weekly. At the and of 13 weaks, the mice
were fasted for 16 hours, anesthecized with chloroform, and blood was
withdrawn by heart puncturs for hematolegy. The mics were sacrificed, major
organs wers weighad, and all organs wers fixed for histological examination.
No toxic signs actributad to treatment wers reported. Red color appeared in
the urine of mics racsiving the two highest dosss (0.025% and 0.125Z} within
4=4 days from the start of treatment and remained throughout the dosing
period. Pramaturs deaths included one male per group from the three highest
dose lavels (0.005%, 0.025Z, 0.125%) during Week Z and ous additional male
each at 0.025%7 and 0.005% during Weeks & and 13, respectively. No TNT creatad
females died during the study buz one control diad during Week 8. This
attricion rata was not considared significant by the authors.

A significant decrzase in body weight occurrad i3 both sexes on tie high=-dcse

lavel during Week l, but quickly rsturnad to normal lavels during the next few
weeks. A slight but pot significant dacrsase in food intaka during this same
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period was probably indicative of am inicial aversion co che dfec. It should
he roted that control females in this study exhibited an "abnormally low
groweh pattern” with low intake throughout. No significanc effaccs were
prasent in hematolcgical parameters although males at the ctwo highest lavel
showed a slight decrease in Hect. Heart and heart-ta-brain welght racics wersa
significantly increased in males rvzceiving 0.0737 and 0.125% TNT buc chis
finding did not correlate to any pathology. A slight but significant increase
in absolute and relative splaen weight was evident in females receiving the
high dose; .all females at this level displayed a hemosidercosis of the spleen
as did 3/5 males. The authors felt that this was the only treacment-related
effect in mice receiving TNT for 13 weeks. Dilaticm and/or hyperplasia or
edama of the utsrus cccurred in some TNT treatad famales at 13 weeks or after
four weeks of recovery but was not statistically significant.

while chronic respiratory disease occurred in many mice at all levels in this
study, male mice on the two highest dose levels had a greater incidence of
complications, such as alveolar dilationm and collapse. Significance of these
findings is not known but could indicate an increased sensitivity to this
condition.

In the mice traated for 13 weeks and allowed to recover for four additiomal
weeks, the only significant findings were an increase in absolute and relacive
kidney and liver weight in high-dose males and in spleen waights-of the
femalas. Two of these males also displayed necrosis of the liver.
Hemosiderousis of the spleen was evident in 803 to 100X of the mice on the
high-dose level (0.125%) and 80% of the females receiving the 0.025% TNT level
for 13 wveeks with four weeks of recovery. A NOAEL of 1.6 mg/kg/day is
indicated by premature deaths (2/10) along with effects om the heart weight iz
malss at che next higher dose leval.

Levine et al. (1981, 1984b) conducted a 13-week study iz which Fischer 344
rats (l0/seax/dose lavel) were administsred TNT (~99% pure) in the diet at 1,
5, 25, 125, or 300 mg/kg/day. Thirty animals per sex were usad as controls
and received the sams rodent chow used to prepare the tast diats. Animals
wers cbserved daily for pharmacologic and/or toxic signs; tast diecs were
changed weeily and preparsd on the basis of weight and intaka for each sex;
clinical chemistry and hematology tasts wers performed following a 17-19 hour
fase on all dSewrviving animals during Test Week 13. Ar sacrifice, the braiam,
gonads, heare, kidneys, liver, and spleen ware weighed, and all tissuaes wer=
collected and fixed for histological examinacion.

Sacrifice of the surviving animals was accomplished over Weeks 14 and 15 of
the study with one Tac/sex/tast group and thrse rats/sex/coutrol group
sacrificed each day. Tast diets were administerad up to approximately one day
prior to the animala' sacrifics by carben dioxida anesthesia. Contcrol and
high lavel tast animals wers subjected to a complets hiastopathological
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examination with all cther levels limitad to sxamimation of thess major ovrzans
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that ware routinely weighed. The authors further noted that singce che zals
rats were raceived on sita two waeks before che females, che study was
conductad in two phases with the males always two weeks ahead of the females.

Clinical observacicns included lechargy and/or ataxia whicnh wers saan duriag
week | and to a lesser extent during subsequent test weeks for several animals
receiving TNT. At Week 6, some of the males receiving TNT at 200 zg/kg/dav
were notad by palpation to have smaller chan normal sizas testes. Red-scainad
bedding was seen at all TNT dose levels except for the lowest (1l mg/kg/day)
leval. :

Administracion of varicus lavels of TNT in the diet did not appear to have an
advarse effact on survival time. While one male and cne female at the 300
mg/kg/day lavel died during Week 13 of the study, death occurred within days
following blood collection and was postulataed to be due to a combination of
TNT induced anemia and the stress of a reduced blood volume.

Dose-related reductions in body weight gains were, in general, observed for
male TNT-treated rats throughout the l3-week treatment period. Thege
reductions amount to approximately 5% at the 1 mg/kg/day level, 10Z at 5 and
25 mg/kg/day, 24% at 125 mg/kg/day and 462 at the 300 mg/kg/day level at Test
Week 13. Although female body weight gains wers largely unaffected at doses
up to 25 mg/kg/day at Test Week 13, an approximate 27T reduction ia body
weight gain was observad at 125 mg/kg/day with approximacaly & 38% reduction
at the 300 mg/kg/day lavel. These reductions in weight gain were significanc
(p<0.05) for both sexes at the 125 and 300 mg/kg/day treatment level
throughout most of the experiment.

Dose-relatad decreases in food comsumption were observad for TNT-treatad rats.
Significant reductions in food intaks wers evident for males and females
receiving TNT at 125 or 300 mg/kg/day throughout most of the study. At Week

..... fmen mlmaa mma Ta -
LJ, focd intaka foT thesae two doss lgvals was raducad in famales h? 287 za=

comparad to control incake, and in males by 6 and 23%, respectively.

Analysis of hematologic parametars indicated a dose—dependent anemia

(uﬁﬂf““‘ Het, Hgh and RRCs) for TNT-treacad rats. Malag appearsd to ba

slightlxglnrl gensitive than famalas, with the 23 mg/kg/day level and highex
ragultingi ik statistically significant resductions in these parameters. Only
varginak-decrsases vers apparsnc for famale racs at the 25 mg/kg/day dose

lavsl with signdficane differsnces in thess paramecars ar the two higher dose
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lavels. Statistically asignificane me:hemcglobin production was observed in
malas and famales racsiving 300 mg/kg/day. Compensacory rasponses to tha
TNT-induced anemia included reticulocytosis, macrocytosis and elavated levels
of nucleated arythrocytas. Msan corpuscular hemoglobin levels vere siightly
elevatad at the 300 mg/kg/day lavel and macrocytic erythrocytes, seen only at
300 ag/xg/day, were marginally hypochromic.
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In clinical chemistry measuremencs, a dose-dapendent elevation of serum
cholesterol lavels was seen in TNT-treated racs. Cholestarol values for totn
sexes at 125 and 100 mg/kg/day were significancly increased {p<0.03) cover
control animals. Additionally, an indicaticn of a TNT-icduced elevation in
serum triglycerides was seen in females at 300 mg/kg/day as evidenced by a
statistically significant increase in this parameter ci 287 over control
values. While male rats receiving TINT at 123 mg/kg/day had a 347 alevaction in
this parameter, this increass was not statiscically significant nor was a
similar increase seen in males receiving 300 mg/kg/day of TNT,

A dosa-related hepatomegaly was statiscically significant at the 125 and

300 mg/kg/day lavels in both sexes as was an increass in absolute and relative
spleen weights in females at both levels and in males at the 300 mg/kg/day
dose level. Significant testicular atrophy, first noted by palpation in Week
6 of this study, was obsarved at the 300 mg/kg/day and, to a much lesser
extenz, at the 125 mg/kg/day dosae level. Ralative kidney weights exhibited a
slight but dose-related increase in both sexes while absolute heart weights
were significancly decreased in both sexss at the 300 mg/kg/day treatment

levael,

Histopathologlic examinations revealad brain lesions consisting of focal
vacuolation and/or malacia of the whitas tracts of the cerebellar folia in six
males and three femaies at ths highest TNT dose lavel (300 mg/kg#day). Ome of
these femalas died spontanecusly at Week 13 following hematological bloed
sampling. The vacuolar lesions ware described as small, oval, empty spaces aof
minimal severity and wers observed in two animals per sex. The leukomalacia
was reportad to consisc of a demyelination and to appear as & prograssicn of
the vacuolar lasions, manifestad by aggregation of lipid-laden macrophages in
the immediate vicinity cof the vacuoles.

Varying degrses of sither mulzifseal or diffuse hepatocallular hypertrophy
(hepatocytomagaly), manifestad as an increase in the cytoplasmic mass of those
hepatocytes located in the centrilobular to midzonal ragions of the affected
lobules, were found in six males trsated at 125 mg/kg/day, in all ten males
and in ‘-lah- of the #.—-1.- a#u-n TNT ar 304 me/kn/dav- One male and six
females at this high-dose llv.l.also exhibited a nininnl degree of focal bile
duct prolifezation.

Mose of rha raes racsiving 125 mg/kg/day of TNT manifasarad an incrsase in
yallowish brows pigmentation in :h. :ubular epithelial call cytoplasm of the
renal corticas. The kidneys of all animals at che 300 ag/kg/day dose lavel

exhibitsd similar “ut mors savars and diffuse lasiocns.

The splencmegaly observad by gross axaminaticn in soma of the aninzals
recaiving 125 or 300 mg/kg/day and confirmed by organ waight data corresspocded
with a mild to moderats diffuse sinusoidal congestion found at both of these
dose levels, as well as in one mals at the 25 mg/kg/day level. In addiciom,
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riniral to mild increzses in hemosiderin-like pigment wers found ia the
zacrophages of the splenic red pulp and liver at che high-dose level., Thase
observations, along wizh the dose-related anemia, suggested co the authers
thac chis TNT-induced anemia was hemolytic in origia. This concepc was
su;po::edfgy a lack of bone martow cytotoxicity and a slight cethemoglobinamias
at the 300 wg/kg/day dose level. :

Histologic examination of che testas revealed a dose-related degeneracion of
the germinal epithelium lining the seminiferous tubules in one, six and ten
males at 25, 125 and 300 m=g/kg/day, respectively. At cthe 300 mg/kg/day dose
lavael the testicular lesions wers diffuss, bilateral and markad in savericy.
The minimal to mild lesions wers characterized by a diminution of spermatozoa,
spermatids, and spermatocytes as a result of degeneration and necrosis.
Spermatocytic and spermatidic giant cells, present in the lumen of some
affected tubules, appeared o reprasent an early degenerative stage of this
lagion. Those animals with lesions of moderate severity exhilbited an absence
of spermatozca and spermatids, with only a few spermatocytes remaining in the
degeneracive tubula. The Sertoli cells and spermatogonia appeared unaffected.
Atrophic seminifercus tubules lined with a few Sertoli cells and spermacogonia
characterized those lesions graded as marked in severity. All males at che
highest TNT dosa (300 mg/kg/day) also exhibited a mild to moderata diffuse
hyperplasia of incterstitial (Laydig) cealls in both tesges along with
intertubular adema. A NCAEL of 5 mg/kg/day is indicated by the absence of
testicular degeneration and effects on the spleen at this dosa level.

Marein (1974) conducted a 90-day study to evaluate the toxicity of TNT
administered by gastric intubation as a suspensiom im a 1Z aqueous soluticn of
methyl cellulosa to cynomoigus monkeys at daily dosages of 09.02, C.1, or 1.0
mg/kg/day. The animals ranged in age from 36 to 56 months and in weight from
2.0 to 4.2 kg for females and 2.6 to 4.6 kg for males, and groups consisted of
three males and thraa femalas each. Controls received the aquecus solution of
12 machyl cellulosa.

Daily observations were made to detect clinical signs of toxicity; body
_weights wers recorded weekly. Prior to the start of the study and dur
Weeks 5 amd 9 and at the tarminacion of ths test pericd, the authors ¢
hematological and clinical chemistry detsrminations, urinalysis,

bromosulfyphchalein (BSP) clsarancs tasts and detarmipations of plasma TINT
levels. Ophthalmoscopic examinations wera conductad prior to the study and

again ac the close. Az necrupey, histological examinacions of chyroid, hearc,

liver, kidneys, adrenal gland, stomach, small intasctins, lung, spleen, bone
zarrow and brain vers made. 3ecause only threae anizmals of each sex were used
in each dosage group, stacistical analysis of results was not conductad.

No clinical signs of toxicity wera attribuced to TNT adminiscracion, nor were
thers any consistant abnormalitias in any of the clinical laboratory tescs
conducted. Histologic sexamination showed some incrsases iz numbers of
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necrotic megakaryocytes in high-dose females and determined that two cf these
Zemales showed no normal megakaryocytes im bone marrow sections. This
condicion was described as a toxic manifestation, possibly relaced :c
thrombocvtopenia, but the lack of platalec counts resulted {n an imabilicy tc
confirm chis suspicion., Increased amounts of ironm-positive macerial in liver
cord eytoplasm was found at the highest deosage of INT (1.0 ag/kg/dav). The
authors stated that the toxicologlc importance of these two findings is
uncartain. A NOAEL or Lowest-Observed-Adverse-Effect-lLevel (LOAEL} could not
bYe determined for this study due to the small numbers of animals evaluatad
along with the lack of scatistical evaluation.

Hart (1974) also conducted a 90-day toxicity study in purebred beagle dogs
administerad TNT in the diet (consiscing of ground dog chow supplemented with
commercial canned dog food) at dosage levels of 0.02, 0.1, or ! mg/kg/day.
Three dogs per sex per dosage level were used. Controls recaived the normal
ground dog chow mixad with cannad deg food. Daily observations of toxic and
pharmacologic effects ware conducted, and snimals were weighed weekly., Twice
prior to the start of this study and during the 4ch, 8th, and terminal weeks
of the study, the authors conducted hemarological and clinical biochemical
tests, and urinalysis. Examinagion by a vetarinary ophthalmologist was done
prior to sctart and again during Week 13 of the study. At necropsy, gross and
histologic examinations of various organs wers conductad.

No clinical signs of toxicity, body weight changes, diagnostic abnormalitias
nor gross or microscopic lesions wers noted at any dosags level.
Ophchalmoscopic examination revealed "some increased granularity and mild
hyper-reflectivity of the fundus" in the high—dosags group, possibly
indicating a mild ratinopathy. It was not considarasd toxicologically
important. No cataracts were reported. A slight increase in hemosiderosis of
the bone marrow in the high— dose group could not be properly asgessed with
the group size in cthis study. The small cumbsr of apimals evaluatsd precludas

the detarmination of a MOAEL or LOAFL for this study.

b. Twanty=5Six-Week Study

Lavine et ak. (1983) studied the effscts of TNT (approximately 997 pure)
administarsd:daily, by aeans of a gelatin capsule containing TNT mixed with

Purina Certified Rodent Chow to raducs the hazards of explosiocm, to groups of
gdw ‘hgnal_e éc.'-' F-ﬂ saw ap Q'Q' Q_j. 2; 5; ar iz mulk:ldgg far 26 wasks.
(Study raport indicatss that dogs vars adminiscersd TNT capsules for 25 wveeks
with a blank capsule adminiscarsd daily for ons week priocr o TNT
administration.) Animals wers approximataly six and ocne-half months old at
tha start of tha TNT doaing scheduls and wers maintainad throughout om daily
rations of Purina Dog Chow. Animals were observed several times daily, befors
and after dosing, for toxic signs and wers examined weekly by palpacion for
detactable nasses. Body weight and food intakas wers racordad weakly. Cther
toxicologic andpoints included a comprehensive clinical chemiscry and
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hamatological evaluation, urinalyses, and pericdic elaccrocardicgraphy (E3G:
and cphthalmic examinations. During Week 17, all animals, following a :5-id
mour fast, were sacrificed by injection of imeravencus pentobarbictal sodium;
zajor organs were weighed and all organs were colliscred and fixed for
zicroscopif examinaticm. Statiscical analyses wers perforzed.

At the highest dese tested (32 =mg/kz/dav), TNT was found £o be lechal, wizh
sne female sacrificed in a moribund condition during Test Week l4 and anochar
found dead during Test Week 16, Clinical signs in these two animals included
dahydration, emaciation, jaundice, hypothermia, weight loss, diarrhea and
ataxia. Clinical signs of toxicity obsarved in degs surviving this lechal
dosa level included orange-brown urine and feces {(alsg cbserved, to a lesser
extent, at § mg/kg/day), darkening of the tongua and/or gums, jaundice and
ataxia. Io addition, body weights were raduced in all TNT-treated dcgs with
significant losses evident at 8§ mg/kg/day (males only) and 3Z mg/kg/day.
High-dogsed dogs also showed significantly reduced food intake throughoutr wmost
of the study with similar losses evident at the 8 mg/kg/day level during Test
Week l. Urine was a light to dark brown color in dogs at the 32 mg/kg/day
and, to a significantly laesser extent, at the 8 mg/%kg/day level throughout the
study. Additiomally, during the final test week, urinary protein levels were
increasad in the two highest dose lavels.

At the 32 mg/kg/day dcse lavel, the observed jaundice was accompanied by
elevated bilirubin lavels in serum and uripa and trace levels of urobilincgen.
Thasa f£indings wars counsistent with the obsarved anemic state (as evidenced by
significant raductions in Het, Hgb, and RBCs) for both saxes receiving either
8 or 32 mg/kg/day. Compensatory rasponses to anemia included increased
numbars of reticulocytes, macrocytosis, and elevated numbers of nucleated
R3Cs. Leukoeytosis wigh neutrophilia was evident in 3 dose-relatad manner ac
tha two highest doses along with methemoglobinemia. These observacicns, along
with avidenca of a hemosiderin-lika pigment in macrophages of the spleen and
liver and sinuscidal cougestion o the splenic reéd pulp wiih accompanying
incraased spleen siza, suggestad to the authors that THT-induced apemia was
hemolytic in origin. Raducad numbers of erythrocytas and their precursors in
bone WArrow were also seen. '

Other abmsrmalities in blood chemistry parametsrs ineluded stacigcically
significame incraases in serum globulin and LDH, dose dependent decreases in
SGP2T, withs fsmalas showing significant reductions down to the 2 mg/kg/day

level, and decreasad gluscss a2t 32 and 8 mg/kg/day (malss only). Cholestercl

levels wers variable with slight increases ac 3 mg/kg/day (males only) and
3light decrsases at 32 mg/kg/day (famales only).

Mg defipicive trsatment-ralacad affact was raported upen ophthalmic
examination although some vitresal stranding or hazas was obsarved at all lavels
{congrols, 177) with tha 2wo highest levels showing a somewhat higher

incidenca (421 zo 350%). No ccular lesions were observad. Likewise,
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elec;rocardiography tracings did not reveal any INT-related effects.

Several indications of liver injury were observed upon gross and hiscologic
examinacicn. "Male (8 and 32 mg/kg/dav) and female (32 mg/kg/dav) dogs had
significant increases in relacive and/or absolute liver weight accompanied by
moderate tc markad hepatoeytic cloudy swelling and hepatocytomegalia s2en at
the high dose and, to a lesser degree of severity, at all dose levels with
lesions at the low dose (0.5 mg/kg/day) described as trace to mild. No such
lasions were seen in the control animals. Migroscopic evidenca of cirrhosis
was seen, primarily in msles, at the 8 and 32 mg/kg/day dose lavels and
hemosidarosis of the liver was geen in the majority of dogs at tha two highest
lavels as well as one female at the 2 mg/kg/day level. None of these
microscopic lesions wers seen in the two females necropaied prior to
termination of this study.

The absoluta and relative weight of the spleen of both sexes was significantly
increased at the high-dose level with a significant increase in the relative
weight in females at the 8 mg/kg/day level. This finding corrasponded to a
marked to savere generalized congestion, primarily ac the two high-dose
levels. Hemosiderosis of ths spleen was evident at all dose levels and
extramedullary arythropoiesis was demonstrated primarily in the high-dose
group. ‘

Absolute heart wveights were significantly dacreased in males at the two
highest dose levels but no corresponding pathology was reported. Incresases
occurred in the absolute weight of the thyroid of females at the high dose and
was accompanied by bilateral C-csll hypsrplasia im all gzoups, imcluding
controls, but with a greatsr dagree of saverity in the high~dose group. The
tastes of male dogs recsiving any level of TNT weres unaffected.

Othsr uotabls pathological findings apparsatly relatad te TNT intaks includaed
membranous enterizis of the small intescine and erythroid hypoplasia at all
TNT-trsatnent lavels of both sexss, possibly due to adminiscration of the TNT
as a bolus doss. Enlarged, pigmentsd lymph nodes with no apparant
histopacthology wers seem, primsrily in the high-dose females. The 0.5
mg/kg/day tagt lavel appears to be a LOAEL for liver effects with
histopatholége at this lavel indicatsd as tracs to mild. No effacts wera seen
on the lives ensymas and organ weight at this low dose level nor oo thae

sen, anneher consistenr rargae organ for tnxinit‘v. Tharefore, a LOAEL of

1
5 mg/kg/day is considerad tc be appropria:-.

=
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6. Lifstcime Exposurs

Data on the toxic effacts of lifetims axposure to TNT ars available in an
sxtensive series of studies by Furedi et al. using Fischar 344 rats
(1984a,b,e) aud BOC3FLl hybrid mics (1984d,e,f).
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In che rat study, groups of 73 animals per sex (approximactely H-7 weeks cld)
received INT (™ 997 pure) mixed in 2z diet of Purina rodant chow meal at dcse
levels of 0.0, Q.4, 2, 10, or 30 mg/kg/day for 24 monchs. Diets were praparad
weekly, by sex, on the basis of projected body weight and Intake data. all
animals were observed daily for signs of toxicity; examinatiom by palpation,
and body weight and food intake determinations were evaluated weekly thrcugn
Weak 13 and hi-weekly thareafrar. Ten racs/sex/dose were sacrificed ar § and

2 months of creatment with the remaining rats sacrificed during Weeks
105-106. Blood was collected via che orbital sinus; animals were fasted for
17-19 hours and weighed prior to their sacrifice by carbon dioxide euthanasia.
Major organs ware weighad, and all tissues were fixed for histological
examination. Clinical evaluations included hematology, clinical chemistry,
ophthalmology, and gross and tissue morphology; statiscical analyses were
performed.

Tha chronic administration of TNT at doses up to 50 mg/kg/day did not alrer
mean survival times. Dose-relatad reductions in food consumption and a
corresponding decrease in body weight gain wers saen in both sexes at 10 and
50 mg/kg/day. At the high-dose lavel, these effects were statistically
significant in the first few weeks of the study and remained so throughout.
At 10 mg/kg/day, the changes developed somewhat later and tended to be more
sporadic. :

Anemia evidenced by a raducsd Hct, Hgb and RBC count was seen at 10 and 30
mg/kg/day. The parameters were generally significant in both sexes raceiving
the high dose, beginning at Weeak 14 and continuing through termination. Ac
the 10 mg/kg/day level, these same parameters were significant in malas
through Week 32 but were inccnsistent in females. Methemoglobin values and/or
percent methemoglobin were significantly increased in males receiving the hizgh
dose through their termipal sacrifice and in high-dose females at the Week 78
analysis. At 10 mg/kg/day, these paramecars were significant ia males only
and only through the first year, Beginning at Week 52, a sporadic increase in
platelets, lymphocytas and/or WBC was significant in the high-dose femalas,
with an occasionally significaat increase in all or asome of these parameters
in the high~dose males, In gensral, nala rats appeared to be somewhat more
sensitive than females to the hematclogical effecta ¢f TNT. An increased
production of reticulocytas wds seen as i compensatory rssponse to tha anemic
stata. Relstad lasionas datactad ac terminal sacrifice and/or in rats found
dead or sacrificed moribund included focal to mulrifocal myelofibrosis of the
bona marrow, mild to modarata in savarity, and significancly incrsased in
incidence in the females recaiving TNT at levels of 2.0 mg/kg/day and abova
(See Incidenca Table A2~l in Appendix 2.). At the high~dose lavel, this
lesion was seen in 17/54 femalas (31.5%; »>0.0l) but was not seen in nales.
Splenic lesiona comsisting of sinugsoidal congestion, extramedullary
nematopoiesis, and increased quancitias of 3 hemosiderin-likes pizment were
seen in boch sexas, generally at che two highest dose lavels, with the
incidencs and severity of the diffuse sinuscidal congescion also significancly
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increased at the 2.0 mg/kg/day dose level in females. These lesions in the
spleen ware first detected during the six-month scheduled sacrifice and

remained significant threugh termination. The weight of the splaen was
significantly~increased in males and females through most of the szudy (not
significant in females at Week 104) at the high-dose level and was

sporadically increased in borch gexae at 10 mg/kg/day. The authors suzgestad

AW e A kSRl Atiw e meee - - wed o mew - Relil D

that TNT appearad to induce anemia by a hemclytih process. <Ihis sugzestion
was further supported by the observance, minimal in nature, of Howell-Jolly
and Hainz bodies at the 50 mg/kg/day level and the presence of mechemoglobin

in the circulating bloed, suggesting the oxidizing narure of TNT and/or irs

metabolitiaes.

Liver injury at 50 and, to a lesser extant, at 10 mg/kg/day was indicated upon
gross axamination by focal and mulrifocal rad to tan areaa. Increases in
abscolute and relative liver weight were evident in both sexes at che two
highest dose levela, Upon histological examination, a dose~related increase
in the incidencs of foeil and areas of hepatocellular hyperplasia with cystic
dageneration was observed for males but not females receiving the 10 and 50
mg/kg/day dose during the second year of the study. Hepatotoxicity was also

- suggestad by altered lipid and protein metabolism as evidenced by increased
seruam cholesterol, total protain and albumin levels and 3 mors sporadic
{ncreass in globulin levels. Albumin/globulin ratics wers significancly
dacreased. Thesa chemical alterations wera most predominant at che high-dose
level but cholesterol levels in,males were also significantly increased at the

2.0 and 10.0 mg/kg/day levels.

Blood urea nirrogen was slightly slaevacad at 50 mg/kg/day, particularly ameng
females. Renal injury was indicated grossly as spotted, granular and cystic
kidneys. Histological examination revealsd a dose-related incrsase in
incidence and severity of mild to moderate pigmentation, beginning at the 2.0
ng/kg/day dose level in famales and the 10 mg/kg/day level in malss,
Inflammation with lymphocytic infiltration was apparent in boch sexes at the
high-dose level and in fsmales at the 10 mg/kg/day lavel. Hyperplasia of the
renal pelvis was also significantly incrsased in the femalea recaiving the 30
ng/kg/day dose lavel. Kidney weights wars elevated for animals of both sexas
racaiving lQ or 50 mg/kg/day. The brown mottled kidneys saen at necropsy for
high-dose animals contained iron-nagative cytoplasmic bodias and, nuclear
hypertrophy of cortical proximal comvolutad tubular cells was observed
aicroscopically in males at 2 mg/kg/day or greacar. Additional toxic effects
on the urcgenital systam, primarily seen in high~dose femalas, included
urinary bladder hyperplasia, papilloma, and carcincma (discussad in seczion 3.
Carcinogenicity).

Ho effacts, other than a gignificant incrsaseas in absoluta weight, wers seen

on the Cagtas of males recsiving the twoe high-dese lcvcls. Ho other effecrts
related to TNT intaka wers reportad.
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Ixceps for an incresased frequency of ccular discharge in the high-dose rats,
no traacment-ralaced abnermalicias were detacted either by ophtchalmic
examinatlion or histological evaluatioun. A number of lesions were dacected ac
all dose levels, with increased Irequency versus time, but wers considersd £
e reiatad.toc ccular trauma or penetration at cthe time of orbital bleseding.
An apparent NOAEL of 0.4 mg/kg/day is based on the absence of affects ci INT
on the spleen, kidmey, and bone marrow.

In the 24-month study conducted by Furedi et al. (1984d,e,f) in B8C3FL hybrid
mica, TNT (>99% pure) was administarsd in a diet of ground Purina chow to
groups of 75 mice/sex/group at dosage levels of 0.0, 1.3, 10, or 70 mg/kg/day.
Animals wera obsarvaed daily for signs of toxicity. Examimation by palpacion,
maasurement for weight changes and food intakes and examination of bedding Zor
red staining were conducted weekly through Week 13 and bi-weekly thersafter.
Pariodic ophthalmic examination as well as measurement of hematological and
c¢linical chemistcy paramecers wers conductad at dafinad imgarvals throughout
the study. Ten mice/sex/dose were killed at & and 12 months with surviving
animals killed after 24 mouths of treatment., Euthamasia was accomplished by
carbon dioxide anesthesia following a 2 to 5 hour fast. Major organs were
weighed, and all organcs wers fixed for histological evaluation. Tissues from
control and high-dose mice undsrwant a3 comprehensive examination with those af
the remaining levels undergoing a more limitad examinatiom. Appropriata
statistical analyses were conducted.

Tha TNT did not causs deaths at the doses tested in this study; mean survival
times ware similar among control and treatment groups. Clinical signs relaced
to TNT administration wars not rsadily appareant. Reductions in body weight
gaina at the 70 mg/kg/day dose level weras approximataly 10Z for both sexas up
through the first 6 to 8 months of the study, with further reductioms of about
15T for females and 20% for males through tha remaining test pericd. An
approximate 5% to 7% resduction in bedy weight gain for males but not females
at the 10 mg/kz/day dosa lavel for the majority of the study was not
stacistically significanc. 3ody weights were not affactad in mice given 1.5
mg/kg/day. TFood intakes wers variabla with significant decraases apparent ia
high-dose malas through approximatsly Week 19 and significant increases over
control intakes beginnming at Week 25. In famales rescaiving che high dose,
dietary intakes wers significantly increasad through most of the study, with a
significant decrease in intaks only during Week l. Az other dosae lavals,
significant diffursnces were sporadic in naturs and varied from increases to
dacreases throughouc.

Hematologic observations included anemia in both sexas administered TNT ac 70
mg/kg/day, as evidencad by gsnerally significant reductions in Her, Hgb and
RBC counts from Test Wesk 27 through Tast Wesk 79. The effact wag z=ild, was
no lenger apparant in malss and was apparent but not significant in females Oy
Test Weak 105. Yormal physiologic compensatory responses O tha anemig stace
(e.3. teticuloeytcsis, macrocytosis, eCc.) veres not apparsal, Lymphocytas and
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w3C's were significantly increased during Testc Weeks 27 and 332. Males
receiving L0 mg/kg/day also had increased lymphocyte councs at Test Week 27.
No conmsiscently significant changes in clinical chemistry parametars were
evident ia chis scudy.

Cccasional elavations in relative livaer, kidneys, spleen and hears waizh:os
wara seen in mice receiving 70 mg/kg/day. although scaciscically significang,
these changes were small, and no patterm with respect to sex or time was
observed, nor wers absolute organ weights significancly different from
COncrois.

Ophthalmic abnormalitiss were random and not considered to be relaced to
treatment with INT. A high incidence of cataracts in all taest groups was
significant in low-dosed fumales ounly, was not dose-relared and was considered
“gpurious” and related to aging changes.

No TNT-induced gross lasions nor microscopic abnormalities were observed at
the 6 and 12 month interim sacrifices. Increased extramedullary hematopoiesis
of the spleen, cytoplasmic vacuolization of remal tubules (males), renal
lymphocytosis (femalas) and a variety of inflammatory darmal lesions wara
considered spontanecus and wers observed 'in control and treated animals alike.
Enlargement of the spleen and lymph nodes in females recaiving 70 ag/kg/day
was observad at the 24 modth cecropsy as wsll as in @lcs that diad ov ware
sacrificad moribund betwaen 12 and 24 months, The study authors reported that
the incidence of combined leukemia/malignantc lymphoms in the spleen of females
increased with dosa. Thay reported that the increase was statistically
significant (p<0.5) at the 70 mg/kg/day dose level (high dose) and thar the
lasions werse considered to be trsarment-ralatad. This was an inappropriace
conclusion based upom currsnt NTP guidelines (McConnaell et al., 1986). These
guidelines indicate that it is appropriata to combine all types of malignant
lyuphowa and lymphocytic lsukemia, but nof in a singls organ. These types of
cumors occur throughout the hematopoiatic systam. Upon recouncing thase
tumors, by each sex or both sexas combined, in the whole animal, the
statiscical significancs is lost (i.e., p>0.05) using the Fisher-Irwin Exact
Tast to compare dosage groups and the Cochran-Armitage Tastc for Trend.
Thersfors, based upcn the statistcical analyses, this study 1s considered to be
negative wigl-ne cumors ralated to TNT axposurs. The NOEAL for this study,

based on the“sbgencs of body weight reduction aund other effects, was 1.5
ng/kg/day.

3. Reproductive Effacts

No data ware available in the litsrature concarning the reproduccive effacts
of TNT. It should be noted, however, that rats exposed to TNT in the diec acr
lavels ranging frem 25 co 300 mg/kg/day for periods of 4 to 13 weeks showed
varying degrees of tasticular atrophy and hyperplasia as well as other
testicular effects. (Thesa scudies ara fully described im SecZicn VI.B. -~
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Shnert-term Exposure, FTour-week Studies and Longer-Term Exposure, Thircean '«é&\
Seudies.) These effaces were not evident in the Lifetime Exposuras stud!
nor is the significancs, {f any, of thase effects on the repradugcive ¢

af the rat known.:

’

a:ac::y

&, Developmental Effacts

Mo daca were available in the lirerature concerning che davelopmencal elfacts
of TNT. :

-

3. Carcinogenicicy

The carcinogenic potential of INT was evaluated in 24-month studies in Fischer
344 rats (Furedi et al., l1984a,b,e) and in hybrid B6C3IFL mice (Furedi er al.,
1584 d,e,£).

In the study in rats, TNT was administerad at 0.0, 0.4, 2, 10, or 30 mg/kg/day
by diet to dosage groups of 73 rats per sex. Histopathologic lesions observed
in females dosad at 10 and 50 mg/kg/day during the 12 te 24 month TNT
treatment period included an increase in the inecidence and severity of
hyperplastic, prenecplastic and necplastic lesions of the mucosal epithelium
of the urinary bladder. Malignant neoplastic changes as well as benign
neoplastic changes wers present in the bladder epithelium. Based on thege
obgerved changes, the authors considered INT a carcinogen o {344 rats under
condicions of the study. The incidence of urinary bladder hyperplasia among
femalas rats receiving the high dosa was 12/535 (21.8%; p<0.01), for urinary
bladder papilloma, 5/55 (9.1%; p<0.05) and for urinary bladder carcincmas,
12/55 (21.8%; p<0.0l) (See Incidence Table Al-i in Appendix l.); metascases !
cthar tissues were not cbserved., Bladder papilloma and carcinoma were not
cbserved in the controls nor wvere these tumors observad in males.

or
O
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a0 the @Wousse study, 0. Was aaministsTsd in thse et fot up £o 24 months.
Groups of 75 mice per sex received INT ac doses of 0, 1.5, 10, or 70

mg/kg/day. Ten mica per sex per dose were killad following 6 and 12 months on
tast with surviving animals killed aftar 24 months of treatment. The major

a}re-nﬂ-ln -“-pﬁ. nhsaﬂ-d in FHA h‘l’nh (7” nlafba/ﬁlﬁv\ dnan group {includad

anemia with hepatotoxieity. This indicacaa :hat :ha MID was achiaved. The
study authors raportad that the incidenca of combined leuksmia/malignantc
lymphoma in the spleen of females incrsased with dosae. They raported thac the

incrasge was srarigrically eignificanr (p<0.0S) at cha 70 mg/kg/day dose lavel
(high dose) and that the lesions were considerad to be treatment-

ralated. This was an inappropriace conclusion based upon current NTI?
guidelines (MeConnell et al., 1988)., Thasa guidalines indicate that it is
appropriate to combina all tywvas of maligrant lymphoma and lymphoeytic
laukemia, bur not in a single orzan. Thesa types of ITumoTrs cccur thrdughcur
the hematopoietic systam. Upon recounting these tumors, by each sex or both

sexas combinad, 1o the whole animal, the stacistical significancs is losc
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(i.a., p»0.03) using the
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sher-Irwin Exact Test to compare dosage groups and
T

es or Trend. Tharefore, based upcn the statiscizal

~analyses, thig study is considered to be negative with no tumers ralatad to

TNT exposure.
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The strong mutagenic activity of TNT was reported by Ellis et al. (1978). As
little as 10 ug/plate of INT, dissolved in dimethylsulfoxida (DMSO), with or
wichoue metaholic aceivacion, wag mutagenie Iin Salmenalla tynhimurium serains
TA-98, TA-1538, and TA-1537, indicatars of frame-shift reverse mutacicns; at
30 ug/plate with or without metabolic activation, mutagenic effects were notad
in TA=-100 as well as in those three strains. At 300 ug/plate with metabolic
activarion, TNT was positive in all five testar atrains including TA-1535,

indicating that TNT is positive for both frame-shiit reverse mutations and
bagsae~pair subatitutions.

Simmon et al. (1977) conducted studies using bacteria (S. typhimurium, strains
TA=1535, TA=-1537, TA-1538, TA-98 and TA-10Q), with and without $9 metabolic
activacion, and yeast (S. cerevisiae) to evaluate the mutagenic activity of
TNT before and aftsr application of chlorinacion or czomation disinfection
tachniques. Results were negative both before and aftar either disinfection
tachnique excapt for two experiments in which INT was reported as appearing
waakly mutagenic (<2-fold increase in revertants) in TA-100 without metabolic
activation. Using the same standard {7r mutagenicity as in the study by Ellis
et al. (1973), i.e. a mutagenic ratio > 2,0 as positive, none of the
concentrations testad in the Simmon study would be positive. It 1s important
to note, however, that the concentraticnsg tested in these sxperiments were
generally below 10 ug/plate with 33.5 ug/plata being tha highest concentration
tested in a single experiment. The increases seen in this study, while
generally occurring at the highest concentraticn, were not always
"dosa-related”,

Dilley at al. (1978} reportad thar TNT dissolved in DMSO and incubated at 10 -
to 500 ug/plats incrsased revarse nutation ratss in a dose-ralatad manner in
S. typhimuriom strains TA~1537, TA-1538, TA-98, and TA-100, bocth in the
presencs sml-gheencs of the S-9 metabolic activation syscem. The toxicity and
mutagenicizffof: TNT wers raduced upon metabolic activation.

Dilley et al. (1973) performed in vivo cytogenetic analyses on bone zarrow
calls from two groups of five young male Sprague-Dawlay rats, each trematad for
28 days with TNT at 0.25% (190.4 mg/kg/day) or 0.002% (1.8 mg/kg/day) ia the

L/
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faad and from twe additional groups of five racs, 2ach similarly traaced and
aliowed to recover for 28 davs. The evaluasion procedure used was a
zodificaticon of the zmechod ocutlined by ¥ichols et al, (1972) ia wnich the
treassd rats were injected, one and one~half hour prior te sacrifice, wizh
0.73 ag/xg-of colchicine to obtain a high number of cells Lo metaphase. Tha
bone marroew cells were cbtained by aspiraction from the distal end of che
-femur. Although the high dose was considarad the highest tolerable dose, no
rats died premacurely. Mitotic indices were dapressed in the racs expcsad to
the high dosa, but no cytogenatic abnormalities wers observed. Following 18
days for recovery, the proliferative capacity of the bone marrow cells
raturned to normal lavaels as indicatad by the micotic indices. The authors
conecluded that, basaed on thair assay, genetic damage inducad by TNT was not
evidenc. ° ‘

In vitro measurement cf unscheduled DNA synthesis (UDS) im human diploid
fibroblasts (WI-38 cells) was also conducted by Dilley et al. (1978) in cthe
presance and absenca of a metabolically active system obtained from the liver
of adult male mice. & dilution of TNT ia DMSO was added to the culturs medium
to yield concentrations ranging from 0 to 1000 ug/ml. Rasulcs in cthis system,
without metabolic activacion, indicated that UDS was suggested at the higher
concentrations., A definirive evaluazion, howaver, was obscured by
discoloration of the samples at the two highest concentrations, 500 and 1000
ug/ml, thus incarfering with the colorimetric determinaticn of DNA content.

In the presence of metabolic activation, at concentrations ranging from Q to
6000 ug/ml, UDS was not obsarved, however, the sclubility of TNT was a
limiting factor in this cest {a precipiltate was observed at all concentrations
of TNT).

Ashby et al. (l985) reported that TNT gave a negative response in a mouse bone
marrow micronucleus assay in which the mice ware administered TNT by
intraperitoneal injection at lavels up to 80 mg/kg (described as 80% of the
Maximum Tolerated Dose, MID) and evaluated at 24, 48 and 72 hours after dosing
for an increasa in the presence of micronucledl.

In an in vivo/in vitre rat liver assay for UDS, conducted by Ashby et al.
(1985), che hapatocytss of TNT tresated rats were avaluated in an in yitro
system following adminiscration of TNT to the intact animal at docse levels up
to 1000 mg/kg. A negative response was also observed in this syscem, which is
used CO medsurs genoctoxic-carcinogenic respousa.

7. Qther Effects

F ]

Mala aud female adulz Sprague-Dawlay rats wers fed TNT in the diet at §.25
for thre=e weeks (Dilley et al., 1578) for che purpose of evaluating the
abilicy of TNT to scimulaca the hepargic microscmal enzyme system. Animals
waera killed by dacapitacion, and the livers wers removed and prepared Ior
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analysis by scandard merhods. Substrates used represented three mecabolic
pathways: N-demethyvlation, O-demethylation and arcmatic ring hydroxylacion.
faesulcs indicated that TNT showed nd stimulateory activities in twe of the
three systems; with a limited posicive response in the C-demechylation system
as indicated by a stimulacion of the metabolism of o-nitroanisole. However,
metabolism of INT itself is not altered by pre~treatment of the rar with
shenoparbical, INT or RDX, imdicating tc the autheors chat the decreasad

toxicological manifestations to rapeataed dosing of INT cannot be explained on
the basls of an increased metabolic disposition of TNT.

t
H
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Available fzoxicity studias in various animal species, Icr periods ranging 2
a single oral dose (LD_.) cto continuous l4-monch feeding studies, along wit
data on the health effacts in humans exposed to TNT in the atmosphere have
been evaluated. Several toxicity endpoints considered relevant to a HA for
T in drinking watar have peen ifdentifisd. Numarcus signs and svmptezs of
TNT toxicity in humans exposaed in the workplace have been reported (Zakhari
and Villaume, 1978), to include such relatively mild effects as respiratory
irritation, skin lasions, and gastrointestinal disorders and progressing ro
mora savere symptoms such as methemcoglcbinemia, jaundice, aplastic anemia,
cataract formacion, menscrual disorders, neurologic dysfunction and
nephrotoxicity. Of these disorders, the most consistently reported effects of
TNT exposure in humans, including those which have been reportad as the
principal cause of death when such exposura resulted in mortaliczy, are

hepatitis and aplastic anmemia (Zakhari and Villaume, 1978).

N

Human exposure data gathersd through occupational health surveys conducted at
various Army Ammunition Plants have indicited that atmospheric exposure to TNT
at lavels ranging from <0.02 to >3.0 mg/m” for periods generally up to 6
months cousistently caused abnormalities in Hgb, Het, and RBC count (estimated
absorbed dose could not be determinaed from che available data). Abnormalicies
in other hematological paramatsrs and such clinical chemistry parameters as
BUN, SGOT, LDE and bilirubin have alaso been reported (Friedlander et al.,
19743 Morton and Ranadive, 1974; Buck and Wilsom, 1975). In almost all cases,
removal of tha affectad individuals from the source of exposure has resulted
in a raturn of these parameters to normal levels, altheocugh the time required
for recovery could not be determined. A consistent sign of TNT exposure has
bean a read discoloratiscn of -the urina, apparently due to unidencified TNT
metabolitas.

In animals, significant and consisctant f£indings following faeding of TANT in
the diet include hemolytic anemia with compsnsatory responses such as
reticulocytosis and macrocytosis; methemoglobinemia; increased spleen weighe
usually associated with hemoaiderosis and, in lifatime astudies, congsscion and
extramedullary hematopoiesis; and an increase in liver weight generally
associscteds with increased cholastarol, dacreised SGPT, pigmentation,
hyperplasia and hepatocycomegaly (Dillay et al., 1978, 1982; Lavine et al.,
1981, 1983, 1584a,b; Furedi et al., 1984a~f). Reported affects of INT on the
tastas (acrophy and hyperplasia) have been lass consiscent as have effascts on
othar hematological and climical chemistry parametars. Consistant decreasges
in body weight gain at high dese levels seem to be associated with a
corresponding decrsase in foocd intaka. Red color appeared in the urine of
ratg, mics and dogs fad TNT {n rthe diet at lavels of aperoximactely 5 ag/kz/day
or gre=ater, depending upon specias,

Anemia in dogs, rats and mica fed TNT, evidenced by decrmases in Hzb, Het and
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RBC ccunt, first appearaed in dogs after four weeks of feeding ar 20 mg/kg/dav
(Dillev et al., 1978, 1982) and remained svident when TNT was fed at doses of
3 mg/kgz/day or mora for up to 26 weeks (Levine et al., [983). Hematological
signs of anemia alsc appeared in racs when INT was fed at doses ranging from
23 to 300 mg/kg/day for periods of 4 to 13 weeks (Dilley et al., 1978, 1982;
Lavine et al., L3981, 1984b). In a two-year rat study (Furedi ec al., l984a),
the anemia was associated with a statistcically significant increase in focal
to multifocal myslofibrosis of the boue marrow along with an enlarged spleen
and splenic lesions consisting of sinusoidal congestion, extramedullary
hematopoiesis and hemosiderosis. These effects were significant in females ac
2.0 mg/kg/day and above and in males at 10 and 50 mg/kg/day. Mice were less
densitive to the effacts of TNT on the hematoclogical parameters for anemia
with only slight or no effects at dosaes up to 700 mg/kg/day for periods up o
13 weeks (Dilley et al., 1978, 1982; Levinae et al., l984a). When mice were
fed diets containing 70 mg/kg/day INT for up to two years, anemia was
evidenced by decreases in the Hgb, Hct, and RBC counts by Week 7%, but these
changes wara evident but no longar significant by Week 105 (Furedi ac al.,
19844d).

The hepatomegaly reported in dogs and rats fad INT for periods up to 13 waeks
was generally not associated with histological abnormalities except for a
multifocal or diffuse hepatocelluylar hypertrophy (hepatocytomegaly) in two
groups of rats fed INT at 125 or 300 mg/kg/day for 13 weeks (Levine et al.,
1981, 1984b). When INT was fed to dogs at lowar levels (0.5, 2, 8, or 32
ng/kg/day) for a longer duration (26 weeks), the hepatomegaly was accompanied
by moderate to marked hapatocytic cloudy swelling and hepatoccytomegalia at all
treatment levels, but of only trace to mild severity at the lowest dose
(Levine at al., 1983)., In the two-year feeding study in rats (Furedi et al.,
1984a,c), the liver injury was further evidenced by a dose-related increase in
the incidenca of focli and areas of hepatocsllular hyperplasia with eyscic
degeneration in the males, but not females, fed INT at 10 and 50 mg/kg/day.
Clinical chemistry parametars, while not always significant, were generally
indicative of alterad liver function as indicated by increased cholesterol,
total protsin, albumin and globulin levels. These altsrations in liver
morphology wers not evident in the mouse (Furedi ec al., 1984d,£).
Testicular s#tophy and hyperplasia, seen ian high~dose racs (160 mg/kg/day)
racaiving THEF {n the diac for up to 13 wveaeks, wvers firsc dactacted in those
animals saczificed aftar four veeks of treatmant (Dilley ac al., 1978, 1982).
Similar dose ralated effacts wers seen in ratas fed TNT at doses of 23, 125 or
300 ng/kg/day for 13 weeks (Lavine et al., 1981, 1984b). Tha tasticular

during Week 6. No testiecylar sffacts wers svident at 5 mg/kg/day. Similar

tasticular affacts ware not evident in racs fad TNT for up to two years. In
contrase, significant findings in the two-year study (Furedi et al., i984a,c)
iadicated an ioctsass in the absolutas weight of ths tastes at chs twe highest

dose lavels (10 and 50 mg/kg/day) with no trsacment-relatsd histopachology.
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Tamale rats. fed TNT at lavels up to 50 mg/kg/day [or two years (Turadi ac al.,
138%4a,¢) showed a significant increase in incidence and savaricy of
hvperpiastic, preneoplastic and necplastic (papilloma and carcinoma) lssists
2% ehe muccsal epithaelium of the urinary bladder at che 30 mg/kg/day dose
Level (Tabla al-l,. Appendix l). This carcinogenic effesct was not avident ia

males and was not reaported in any other species.

While the development of cataracts has been raported in humans axposed
chronically to TNT (Zakhari and Villaume, 1978; Hassman, 1968; Harkonen et
al., 1983), no such lesicns were found in rats and mice exposed o TNT at
doses up to 50 and 70 mg/kg/day, respectively, for up to two years and
periodically subjectad to a comprehensive ophthalmological examination
throughout the twowysar study (Furedi et al., [984b,e). No lesions or
cataracts were found in dogs fed TNT at levels up tao 32 mg/kg/day for 26 weeks
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l mg/kg/day for 90 days (Hart, 1974; Martinm, 1974). Cataract development
observed in some human epidemiological studies does not provide sufficient
data to estimate a health advisory.

Based on the foregoing daca, the dog appears to be the speciles most sensitive
to thae toxic affects of TNT in the diat/bolus dosa. In this species, syscamic
effects were associlatad with the liver, the organ system most commonly linked

wirh TNT rawdadimy. and ware annarsnt af 2 lavel aof Q.5 ma/ka/dnv aa avidamecad
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by hepatomegaly with hepatocytic cloudy swelling and hepatccytcmagalia of
trace to mild severity (Levine et al., 1983). The dog also appears similar to
man 1n its mecabolism of TNT, with differences being largely quantitacive in
nature, and ig considered the most appropriats animal model for estimation of

a4 human health advisory.

A, Quantification of Toxicological Effscts

Health Advisories aze generally detsrmined for Cne-day, Ten-day, Longer-term
(approximataly 7 years) and Lifatime exposures if adequats data are available
that identify a sensitive noncarcinogenic end peoint of toxiecity. The Has for
noncarcinogenic toxicants are derived using zhe following general formula:

(NOAEL or LOAEL) x {BW)
BA =T x (___ L/day) - mg/L (___ usg/L)

whare:

YOAEL or LOAEL = No- or lLowestc-Observed-idverse~Zffsct Lavel
in wg/kg bw/day).

BW = assumed body weight of a c¢hild (10 kg) =t
an adult (70 kg).




UF = yncertainty factor in accordance wich NAS/ODW

guidelines.

_L/day = assumed daily water consumption of a child
(1 L/day) or am adult (2 L/dav).

l. One-Day Health Advisory

No data were located In tha availabla literaturs that were considered suitable
for the calculatiom of a One-day HA. Short-cerm studles wers llmited to
assassments of acute oral LD_.. values. It is suggested that the DWEL (20
ug/L) be used as a consnrvative astimate for the One-day HA.

~ -l o T b ad oo
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No appropriate data of less than 30 days duration were located in the

available litaracure for the calculation of a Taneday EA. The four-week

ariididaa af Nillagw et =
studles of Dilley et al. {1978, 1582) iz dogs, vats and mice svaluatad snly 2

suall numbers of the available animals with the remaining animals being
continuad for a total of 13=weeks. A four-week range-finding study in mice
(Lavine et al., 1984a), the leasrt sensitive species, usad doses that increasasd

by a facter of 7 and wars not considared adaquately sensirive fom

toxicological evaluation. It is, thersforse, suggested that the DWEL (20 ug/L)
be used as a conservative sstimates for the Ten-day HA.

Sevaral studies wera of appropriate duratiocm to be considered for calculacing
a Longer-Term HA. Thirteen-week studies wera conducted in dogs, rats and mice
(Dilley at al., 1978, 1982: Lavine er al.., 1981, 1984b) and a 26-week study

was conductad in dogs (Lavine et al., 1983).

Mica were laast sensitive to the toxic effacts of TNT, showing only minimal
but gsignificant increases in splaen weight with hemosiderosis and slighz but
not significane decrsasaes in Het ac the higher dose lavels. No significant
effacts vare evident on the liver. This specias was not considered
appropriats for HA davelopment.

Dogs treatsad with TNT for l3-weeks at doses up to 20 mg/kg/day displayed
avidencs of anemia and liver toxicity indicated by changes in the clinical
parameters. However, no claar-cut NOAEL could be determinsd as only two
dogs/sex/level wers available for analysis, with ouly cne zals surviving on
the high-dose level.

In the l3-week study in rats, conducted by Dilley et al. (1973, 1%82), anemia
was evident at the three highest dose levels (7, 35 and 160 mg/kg/day) and was
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accompanied by signifjcant elfaccs on the spleen along with toxic eff
she liver, kidnev and testas. However, several limications in this s

~ 11 armba o af at i =y 1 " tt 2
ineluding the small aumber of available animals, pessible "syscemice’ errvors in

weighing perocedures and a lack of histological data ac the two lowest dose
lavels despite significant findings at the next higher level, pracluded i:s
use for caleculating a Longer=-term HA. The remaining l3-week study in rats

FT csed mm o~ * 1 /i
{(Lavize ac al., 1981, 1984b) was generally well conductad with zood

dose~rasponsa data but was considersad to have too broad a dose range, with
doses decreasing by a factor of five, to provide adequate evaluation of the
lower levels. Tha lowest dogse, 5 mg/kg/day, while apparently a NOAEL in this

study, was highar than dosss producing positive effactg in other strains and
species.

The 26-weak study in dogs (Levina et al., 1983) remains as the most

apnronriace from which ro derive a Longsr-tarm HA. Thia study producad

G Wil o Sl &L wER v erwmas ———— s LEIRSE=S =21l A =il

clearly toxic affects to the target organs for INT, specifically the liver,
spleen and hematopoietic system, at levels of 2 mg/kg/day and above, and trace
to mild affacts on the liver, dascribed as hepatocytomegalia with hepatocytic
clouding swelling, at tha 0.5 mg/kg/day lavel (LOAEL). Based on NAS/ODW
guidalines, use of a study of appropriate duration with a LOAEL in animals
would requirae an uncsrtaincy factor of 1000, Calculation of the Lifetime PFA
with these factors would produce a value equivalent to the calculated DWEL
(Liferime Haealrh Advisory). It is. thersfors, suggested that the DWEL (20
ug/L) be used as a consarvative estimate for the Longer-tarm HA for both the
10 kg child and the 70 kg adulct.

4. Lifatime Health Adviscry

The Lifatime HA reprssents chat portion of an individual's ctotal exposure that
is ateributad to drinking water and is considered protactive of
noncarcinogenic adverse health effects over a lifatime exposure. The Lifetime
HA i3 derived inm a three step process. Stap 1| decsrmines the Refarence Dose
(R£D), formerly called thae Acceptabls Daily Intake (ADI). The RfD is an
estimats of a daily exposurs to the human populaticn that is likaly to be
without appraciable risk of deletarious effacts over a lifecize, and is
derived from the NOAFL (or LOAEL), identified from a chromic (or subechronic)
study, divided by an uncertaincy factor(s). FROM THE RfD, A DRINKING WATER
EQUIVALENT LEVEL (DWEL) CAN BE DETERMINED (STEP 2). A DWEL IS A
MEDIUM-SPECI?IC (I.E., DRINKING WATER) LIFETIME EXPOSURE LEVEL, ASSUMING 1003
EXPOSURE FRCM THAT MEDIUM, AT WHICH ADVERSE, NONCARCINCGENIC HEALTH EFFECTS
WOULD NOT BE EXPECTED TO QCCUR. Tha DWEL i3 derived from the mulciplicazion
of the RED by the assumad body weight of an adult and divided by the assumed
daily water consumption of an adult., The Lifstime HA is datzrmiced i Scep 3
by factoring in other scurces of axposura, the relative sourcs contribution
(RSC). THE RSC FROM DRINKING WATER IS BASED ON ACTUAL EXPOSURE DATA CR, IF
DATA ARE NOT AVAILABLE, A VALUE OF 20% IS ASSUMED., lI che contaminant is
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ciagssified as a Group A or 3 carcinogen, according to the Agency's

classificacion scheme of carcinogenic pogencgial (U.S. EPA, [%868), chaen causicn

should be e2xercised in assassing the risks associated with lifecize axposure
o this chemical.

The cwo-year studies in Fischer 344 racs and BoC3rl mice (Ffuredl ac al.,
1984a~f) were well conductad lifatime exposure studies. The rat study clearly
definad a NOAEL of 0.4 =g/kg/day for bone marrow, spleenm, and kidney effects.
At this dose level, there was no evidance of the splanic congestion, increased
deposition of pigment in the kidneys or aoyelofibrosis of the bone marrow seen,
primarily in females, at 2.0 mg/kg/day. Other effects seen ag the higher
doses (10 and 50 mg/kg/day) and generally in both sexes included anemia,
increased pigmentation and extramedullary hematopoiesis of the spleen,
inflagmation of the kidney and hyperplasia of the renal pelvis, liver and
urinary bladder. Urinary bladder papillomas and carcinomas were present ac a
significant level in the high~dosed (50 mg/kg/day) females.

Similar effacts reportad in the two-year studies conducted in mice included
anemia and hepatomegaly without microscopic altarations at the high-dose level
(70 mg/kg/day), and a dose-related lymphocytosis at the 10 and 70 mg/kg/day
levels. The study authors reported that the incidenca of combined
leukemia/malignant lymphoma in the spleen of females increased wich dose.

They reportad that the increase was statistically significant (p<0.05) at the
70 mg/kg/day dose lavel (high dose) and that the lasions were considered to be
treatment-relatad. This was an inappropriate conclusion based upon current
NTP guidelines (McConuell et al., 1386). These guidelines iadicacte that it
appropriate to combine all types of malignant lymphoma and lymphocytic
leukemia, but not in a single organ. Thesa types of tumors occur throughout
the hematopoietic system. Upon recounting these tumors, by each sex or both
sexes combined, in the whole animal, the statistlcal siguificamecs is lesc
(i.e., p<0.05) using the Fisher-Irwin Exact Test to compare dosage groups and
the Cochran-Armitage Test for Trend. Therefore, based upon the statistical
analysas, this scudy is considersd to be negative with no tumors related to

AT L e asem
INT axposura. Tha NOAEL for this study was 1.5 mg’“g’da?

-
[

The 26-vesk sgudy in dogs (Levine et al., 1983) might alsoc be considered Ior
davelopment of & Lifetims HA. This study resulted in clearly toxic effects to

tha targset ovgsms for TNT, specifically the liver, spleen and hematopoiecic

system, at lavels of 2 mg/kg/day and above. At the 0.5 mg/kg/day level, this
study producsd hepacocytomegalia with hepatocytic cloudy swelling of trace to
nild severity. No accompanying effects to the liver enzymes and organ weighe
wers seen at this dose lavel. The 0.5 mg/%g/day lavel may, therafeore, be
considerad a LOAEL for hepatic affects in tche dog. '

Based on the forsgoing studies, it appears that the dog (Levina et al., 1983}
i1 somewhat more seansitive to the hepatic effects of TNT than either rats or
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cing a
Lifecime HA. 'Whan che study is viewed in rslaticm to the two-vear scudy
racs {(Furedi er al., 1984a=¢) wizh a NCAEL of 0.4 mg/xg/day, it is Zfel:c ¢
the dose ¢f. 0.3 mg/kg/day in dogs is close to the actual thrasheld dese a
that an uncertainty factor of 000 will provide a sufficient margin of sa

for humans.

TNT 13 classified EPA Group C, possible human carcinogen basad om urinary
bladder papilloma and carcinoma in female Fischer 344 racs.

Scep l: RED)

-
oS

RED

the

or 26 weeks.

on

T

facenr:

Uncertainey factor:

———

of Lavine et al., 1983 and the strong supporting
study of Furedi et al., 1984a-c.

The LOAEL of Q.

= 0,0005 mg/kg/day (0.5 ug/kg/day)

liver

is based on tha primary study

5

mg/kg/day in the Lavine ec al., 1983 study appears to

be closa to the actual threshold deose for liver
effeces.
in the Furedi et al., :984a-c study ino rats.
Reproductive toxicity data ars not currently
avallable.

Stap 2: Determination of a Drinking Watsr Equivalent Lavel (DWEL)

(0.0005 mg/kg/day) (70 kg) = 0.0175 mg/L
{2 L/day) (rounded o 20 ug/L)

VEL, =

whersr

0.0005 mg/kg/day = RED

70 kg

assumed body weighzt of an adult

2 L/day » assumad daily watsr consumption of an adult

VII-7
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Sctep J: Determinacion of the Lifetime Health Advisory

The Liferime HA is derived from the DWEL by factering in other scurces of
exposure. THe relative source contribution (RSC) is the percent of the coral
exposure to the chemical from drinking water. Actual data may be used when
available. Hence, RSC may potentially vary from | to 100 percemc. & valua of
2% f{or R3C from drioking wdater is assumed in the absence of actual exposure
daca. Additionally, it is EFA policy that an additiomal uncertainty factor of
be usad for Group C carcinogens. A valid quantitacive cancer risk agsessment
was developed from the Furedi et al. (1984a, c) study and i{s provided in
Section VII B. This quantitative cancer risk assessment indicaces that a
minimal additicnal uncartainty factor is nacessary to account for cancar risk.
Henca, the additiocmal uyncertainty factor of 2 is applied to the Lifetime HA.
For TNT the lifatime HA is as follows.

Lifetime HA = 0.0175 mg/L (0.2) = 0.00175 mg/L (rounded to 2 ug/L)
2

b d B4
AERS N W

0.0175 mg/kg/day = Drinking Water Equivalent Level (DWEL)

Q.

.2 » Ralarcive sourca contriburion (RSQ)

1" Aal:) 22

2 r £ s 21
2 = Uncartainty factor for Group C clagsificacion, ODW
policy

B. Quantification of Carcinogenic Pocantial

THT i3 classified EPA Group C based on urinary bladdar papilloma and careinoma
that wera observad in female Fiacher 344 rats. Mutagenmic activity was
observed in the Ames testc with and without metabolic activation. The risk
managar must balance agsesament of carcinogenic potential againat the
likelihood of occurzence of health effacts ralatad to noncarcinogenic

andpointa of toxicity.

In ordsr torgjoist the risk manager in this procsss, drinking watsr
concantratiogs sssociatsd wizh cagznr tisks over tha range of ones excess fumor
in populaciowms of zen thousand(l0 '} to one excass tumor in populations of one
aillion (10 ) for the 70-kg adult, drinking 2 litars of water per day, are
provided.

Ia the lifetime feeding study conductad by Furedi ec 3l. (1984a,¢), che high-
dosed femals rats exhibited a statistically sigpificanc (p<9.0l) increase in
the combined incidence of transitional call papilloma and transitional call
carcinoma of the bladder. The combined incidenca of bladder papilloma and
carcinoma used to calculats che carcinogenic risk assessment ara 0/54, 0/354,
Q/55, 1/55 and 17/55 for femals rats at doses of 0.0, 0.4, 2.0, 10.0 and 50.9
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ng/xg/day, respectively. The multiscage amcdel was usad for high-to-low
axtrapclaction (Crump and Watsom, 1379; dowe and Crump, 1982). Globaldsd
csed to it the data 1in cthe experimencal dose ranga and co oberain upper
confidence~limits on the combined incidence of bladder papilloma and
carcinoma. The multistage model conforms tc a biclogical mcdel of tumor
initiation and promotion (Crump et al., 1977) and provided an adsquats fi: c2
the iocse-responsa data for 1NT. The ralatcionship of cthe cuncentracion (.3/o)
of a chemical in drinking watar to cancer risk is exprassed as follows:
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35000 = conversion factor for mg to ug and assumption that a 70

kg adult drinks 2L of water/day

The animal doses wara convertad to equivalent human exposures using a surface
area correction assuming a 0.30 kg raf. and a 70 kg human. The human slcpe

factor (q.%*) is 3 x 10 ” (mg/kg/day) = for the linearized multistage model.

T e p.‘l.q-‘l -~ Ja-h-nb.q- am e prmmaw Meatimdd
aidE JRUWEY M. Ty deid W SEA e QM LY YRL W Nelil
induce cancer at low doses below the experimental dose range. Assuming tchat a
70 kg human adylt consumes 2 liters of water a day over a 70 year lifespan the

estimated cancer risk is as follows:

<4
of potancy of the chemical to

Lavel of Dose in
Human Risk ug/L
Lg'g 100
10_ p 10
10 1

For comparisen surnosas. drinking warsr concentrations asascciatad with an
excsss cancar risk of 107 vere 0.7 ug/L, 20 ug/L, 700 ug/L, 29 ug/L and 19
ug/L for the one-tit, multihic, probit, logit and Weibull meodels,
raspectively. The parametar estimacas for thesa modals wers calculacad wich
RISK31 (Xovar and Krewski, L1981).

The astimatad excess cancar risk associated with lifeuimg exposura to drinkiag
water containing TNT ac 20 ug/L is approximataly 2 x 10 ~, The e2stimatad
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excess cancer risk asscciated wich lifetime exposyre o drinking watasr
concaining TNT at 2 Lg/L is approximately I x 1C ~. This represents the upger
$37 confidence limit on risk from extrapolacion using the linearized
aultistage model. The actual risk is unlikely to exceed this value.

VII-10



vIiL, OTHER CRITERIA, GUIDANCE AND STANDARDS

The ACGIB (1986) 8~hour time-weightad average chrashold limic wvalue (TWA
fcr exposure o TNT is 0.5 ag/a”. The l3-minute short-cerm exposura Lial
(STEL) has Seen eliminated vending additional zoxicelegical_ daca. The O3
(1981) Permissible Exposure Limic (PEL) remains at 1.3 mg/m’.

-
hadr RN
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-
-
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As summarized by NRC (1982), the following workroom standards have Daen
adopted for TNT by various countrigs: Czechoslovakia, 0.1 ppm or |l mg/g ;
West Germany, 0.l5 ppm or 1,5 mg/m™; East Germany, 0.15 ppm or l.5 mg/m ; and
U.$.5.R., 0.l ppm or | mg/m” (Verschuerem, 1%77). The U.S. Navy Bureau of
Medicine and Surgery (BUMED, 1980) as cited in NRC (1982) has established a
target interim saximum contaminant level (TIMCL) of 0.05 mg/L (30 ug/L) for
INT in drinking wacer. Dacre (1980) calculated an Incerim criteria for TNT
for the protection of human health of 44.24 ug/L. Earlier, tha U.S. Army had
established limits of 1 ag/L (1000 ug/L) in dripking water and 5 mg/L (23000
ug/L) in water used by fish and wildlife (Smock et al., 1976, as cited {a NRC,
\9BZTUSAMBIOL (L980), as cited in NRC (1582), has pecammendada Nl 3ic
of 0.0l mg/L (10 ug/L) in wastewater, and the U.S.S.R. has set 1 ag/L (1000
ug/LY as the maximal permissible concentration in surface water (McKee and
Wolf, 1963, as cited in NRC, 1582).




Lz, ANALYTICAL METHODS

Several methods nave zeen published for INT analysis in wacer (TUT wastes). &
simple, quick anéd reproducible mechod using high perforzmance liguid
chrematography (HPLC) is described.

The following metheds for the determinacicn of TNT in TNT wastes have besn
liscad by Zakhari aad Villaume (1378):

L. ColorimetTic or spectrophotometric determinaticon at 500 nm following
trearment of wastes wich sodium sulfite and sodium hydroxide solutions.

2, Colorimetric measurement of 3 Meisenheimer complex at 440 nm
following treatment with 15% potassium hydroxide solutiom, usable to 30 ppm
w=-TNT (2,4,6=-TNT).

3. Gas chromatographic detaction of ppb 2o ppt in sea water using a
nickel=-63 electron capture detactor.

4, Liquid chromatographic characterization after adsorption of aitro
compounds on a styrene-divinylbenzene copolymer type resin.

Thae HPLC method described by Brueggeman (1983) utilizes a trace enrichment
sample preparation technique to kaep preparation time to a m2inimum and affords
analysis to be conducted at ambient tamparature without loss of efficiency of
separation or speed of analysis. The detsction limits were reported as 0.2
ug/ml. Several military explosives were analyzed by this zmethod.

the HPLC method, separatiou of the explosives is achieved by using a
reverse phase column (C _) and a mobile phase of methanol and water. A linear
3radien: elution pragran ig uied in which tha eluent is changed from 935X FPump
A {25% HeOH/H_ O) to 50X Fump B (80X MalE/H,0) ia 30 minutss at a flow rats of

1.7 al/min ani a pressure of 500 psi. The column effluent is monitored at 240
nm. Separation was accomplished in <28 minutas.

—‘I—
-—— "'q"ac 15 3& —-las, i_h“ u ‘_artrid 4a anf‘lv:rnd wirh

our lillili:crs of methanol followed by ?5 ml of glasg-distilled
wvater. Tais proceadurs rasmoves organic impuritias, displaces the nmethanol and
activatas the cartridge. Concsntracion of the sample is achiasved by passing

20 ml of sash sampls, containing 200 ppm of the inrarnal srandard

(1,3=dinitrcbenzans), through the SEP-PAK cartridge at approximataly

10 ml/min. followed by the saquantial injectiom of 10 ml of air, 4 @l of a 30%
acatonitrile/water soluction and an addizionmal 10 =i of air. The ccmbized
glements are collectad in a scraw-cap test ztubae and centrifuged ar 2000 rpm
for 15 minutes. Tha supernatant i analyzed by HPLC 28 describaed.
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The ratio of peak area of TNT to peak area of the incernal standard was
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plotted versus concentration of INT. 3y examining che R2 correlacion
coefficiants, it was demonstrated that TNT showed a linear reiacion cver :Re
concencration range analyzed (R™ > 0.998) over a 4-day period. The lower
decaction limiz was 100 ng.

Racovery studias done with lzboratory~spiksd wastewarar indizatad a recovary
range of 70% to 76% for INT. The peak areas of the SEP-PAK-trapped materials
were compared with standards having identical comcentrations of the compound.
Recovary of the internal standard over a S~day period was considered
raproducible (S.D.22%). Separation of a synthetic wastewater influent and
effluent showed good rasolution for all compounds tested. This method, as
described, is considared by the author to be suitably pracise, accurate,
sensicive, and selective for the determinarion of TNT and various other
explosives in wastawatar.

The analysis of actual wastewater samples were not reported by the Brueggmann
procedure; however, Spanggord et al. (1978) reported om the analysis of
sevaral AAP wastewater samples (LAP discharges) using a similar HPLC
procedure. Using a C RBondpak Reverse-Phase column, a 60:40 methanol:water
solvent at a flow rata of 1.6 ml/min. and uv detection at 2546 nm, the
retention time for INT was 209 seconds in LAP discharge samples. Peak areas
were determined by digital integration and quanctitation was by ths imtarnal
standard method using benzophenone. The lower limits of detectiom were

0.1 ppm and these limitg could be lowered by a factor of two at 210 om. This
procadure did not utilize any special sample preparations or concentration
techniques.

IX-2
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X. TREATMENT TIZICHNGLCGIZS

Metnods for wastewatar creatment for the ramoval of TNT and i:s sroduczs a
" n il

discussed. The curranc treatzents of choica for both "red" and
are described in greacer detail.

Lo T 1 1)

pink' wazsa

aste watar discharges from AAP's involved in the production of TNT arz of rwo
unique types:
l. "Red water" is the spent sellite waste solution formed during the

INT purification procsss. It contains TNT and its isomers, sodium carbonate,
sodium sulfate, and sodium sulfite, along with complex chemicals resulting
from the degradation of the TNT iscmers. Mamy of the components of red water
are toxic and/or carcinogenic and it has been classified as a 'hazardous
substanca” by che EPA (Ryon et al., 1984).

2. "Pink water” 1is the aqueous effluent genarated during TNT
manufacture from plant clean-up and scrubbing processes, LAP operations and as
a condensate from the evaporative concentration and incineration of red wacger.
It contains varying amounts of TNT and its meta-isomers and photodegradation
products of TNT to includa water-soluble, orgamic-insoluble anions, orzanic
solvent-extractable products and DNT isomers (Ryon et al., 1984),

Treatment methods for these two major types of TNT wasta requira different
procaedures which are traated separataly below. '

A. Red Water

Disposal of the wastes generatad during tha sellite purification process is
the one of most searious concern. During the periocd between World War Il and
tha XKorean War, red wvater wastes wars dumped into stresams as a means of
dispesal. Later, after evaporative concancratiom of che red wataer at che aAaP
facility, the concentratas were aeither sold to paper mills for incineracion
and racovery of the scdium sulfaca needed for the pulping process or
incinerated at the AAP, followed by landfilling of the ash. Transportatiom of
the concantracs i3 oo longer feasible dus to ifs hazardous clasaificaticn and
strictar pollution ragulations have dscreased the secondary markat for the
racoverabls sodium sulfate. Incinaeration of the concentrata is not only
sxpcnsivc But, more importantly, adds to the existing air and golid wastas

et 4 o S S S o = —-—e
palluticn prGwLaAE. CurTent tachniguss ars almsd ac ths recovary of ths gulfur

and sodium prasent in tha red watar. Several companies and their procasses
ars listed below:

£
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Carbonats process
?yrolysis reductieon procesa - SCA 3illerud
. Sulfira recovery procasg - 30NOCD
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Qf chese, the SONOCQ process appears to be the mest technically and
accnomically feasible. Ryon et al., (1984) described the suliice zacovery
process (SRP) _as adaptad for use at the Radford AAP as follows: red watar is
mizxed with aluminum hydroxide and reduced in a furnace to sulfur dioxide and
soluble sodium aluminate. The sulfur dioxide is scrubbed with sodium
carbonate to form scdium sulfita, which 1is rveused o puriiv TNT. Ttz scdium
aluminate is convertad to aluminum hydroxide, which is recycled for the
treatment of the red wacer faedstock. In summary, the Radford adaptation of
the SRP, essentially a closed-loop process, converts red watar to sellite
which 1s reconverted to red watar when used in the TNT purification process.
Inpurities from TNT itself are converted to water, nicrogen and carbon dioxide
and released to the atmosphere. A more detailed description along with a flow
diagram of this process is contained in Pal and Ryom (1986). Problems arising
from this adaptation are currently under active investigation.

B. Pink Water

Under conditiom of full production of TNT, it has been estimatad (Forsten,
1980 as cited irn Ryon et al., 1984) that the amount of pink water generated
could be as high as 100,000 gal/day/line and may congain 140-160 mg TNI/L
along with other coutaminants and explosives. The current mathod of choice
for pink watar abatement i3 adsorption by activated carbon (Ryon et al.,
1984)., wnile this method has been long and widely used, it is iimited by a
24% drop in efficiency of the carbom with che first regeneration with
successively lower losses at each subsequent regeneration (Castorina, 1980).
To increase the efficiency and reduce the cost of carbon reganeration, 3 new
thermal carbon regeneration process using a rotary kiln has been developed and
put into use at the Iowa AAP, Ryon et al. (1l984) described the process as
follows: the explosive-laden carhom is dewactsred and calcined at 110°C. In
the second step, spent carbom {8 pyrolyzed at 300°C to remove the adsorbed
explosives. Sceam at 20 kg/br and carbon dioxide ac 25 L/min arxe fed at chis
stage to maintain a reducing atmosphers. In the third step, the carbom is
subjected to a reactivacion tamperature of 861°C. An average regeneration
efficiancy of 92%, decrsasing significantly with time, has been achieved
(Forscan, 1980 as citad in Ryon et al., 1984). Tha carbom can be regenarats
four times using this procsss afcer which iz i3 discarded by open bdurning (Pal
and Ryon. lm -

A nmesde - - < o
A study couduclad &t ths Halston AAD {Buaaﬁﬁ. 1982) indicatad thar whils

adsorption on granular activatad carbonr (GAC) is a viable treatment method for
removal of TNT from deionizad water when present alone, this would not be a
mathod of choice for mixturss of sunition compounds as competition for

adsorption sitaes and reducad overall efficiency has been demonscxrarsad. OQcher

muniticns ars progressively displaced in favor of TNT adsorption.

A hydroperm microfiltration systam has besan proposed as an altsrnate means of
trearing pink warer (Sundaram et al., 1981 as cited {n Pal and Ryen. 1988).

X=-2



his merhod is based on cross-flew filtracion with thick-wallad, porsus
stic cubes (aydroperm tubes) which have been demenstratad fo remove

'|

ignlf cant levels of higzh-molecular-weight dissclvad solids and, in the case
£ oink water, the color associated with these comstituents. The effluent
rem che system can be recycled in LAP operations or discharged incc nazural

treams after treatment with carbon, The feasibilicy of this syscem {s yec o
be detarmined.

C. Qcher Mathods

-

While open burning of waste munitions {s scill practiced at AAP's,
incineration is becoming the praferred method. In the zreatment of INT
wastes, open burning or incineration of the red water concentrate and the
spent carbon from pink watar treatment has been practicsed at various AAP's,
In many cases the incineration process, despite its potential for the release
of new amd ummonitored chemicals to the atmosphere, is prsferabls o storags
in landfills or slsewhera. New hazardous waste dispesal furnacss are being
davaloped and tested at variocus facilities. Pal and Ryon (1986) have
described the following:

L. Rotary Kiln Incinerator ~ propellant slurries are inciperated by a
continuous process at l000°C in refractory lined cylinders rotating at a slow
spead. Capital and maintenance costs are high in chis system.

2. Fluidized Bed Incinerator - incorporates a slurry fead system (for
the aqueous explosive slurries), a cyclone particulate collector and a stack
gas analyzer. The addition of 6% (by weight) of nickel oxide to the aluminum
bed has produced a drastic reducrion {ip rthe asmissions making this method safe,

efficient and aconomical.

3. Pyrolytic Incineratiom - a two step, continucus process system
bining pyrolysis and combusrion in a conventional incinerator in one step
a pyrotherm system (pyrolytic system with heat recovery) in the second
step. This system has many advantages for tha treatment of sludges or wet
solids including the fact that it is totally enclosed thereby eliminazing

fugitive emigaions.

4, Simplifiad Incinerator Technology for Pollution Abatement (SITPA
#11) Systam - consists of an unlined rotary kiln, a combustion chamber heated
by oil burners and a c¢yclone particulats collactor, bag house filtar and wec
scrubbar. While this system is simple and low in cost, it i3 basically a dry
feed systam, making it more hazardous for disposal of explosives.

3icdegradation has also been considersd as a means of disposing of municions
wastes i{ncluding thosa encountarad in the TNT manufacturing process. The
2icrobial transformacion of TNT has been axtamsively studied with conilicring
reports concerning the degradation of the aromatic ring (Pal and Ryom, 1936).
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The tox.city of che ring:ccﬁpounds that amighs form during this procass is

zely unknoown but siailar compounds are known to be toxic (Castorina, 1930)
shar reseapch nNas been contracted to aAtlancic Research Corporation to study
:he affeccivenass of composting INT waste. (Renard, 1984 as cited in Pal and

Ryeon, 1988&)

The primary physical method for the breakdcwn of TNT involves photolysis.
Exposure to sunlight or any other source of UV light results in a rapid
breakdown of TNT and its by-products, including 2~4= and 2,6=DNT, to a pink
residual. Riag cleavage to CO, and velatile organics has been shown (Andrews
and Osmon, 1976 as cited in Rycn et al., 1984). Treatment of INT and RDX in
an aquecus solytion by exposure of a 1000 gal/day pilot tast sample to UV

light in the presence of ozone resulted in a reduction of dissolved TNT and
ONY wm 21 mo/T By convaerting the TNT rapidly eo CO_, HNO  and H . no

Sl w T A Ay e AT W mamenry  wesw =S5 =g

by-products requiring disposal are formed (Roth and ﬁurphy, 1978 as cited in
Castorina, 1980). Further study of this process awaits the development of
more cost-effective equipment.

Saveral bench-scale models have undergona testing at the Holston AAP
Industrial Liquid Wasts Treatment Facility for their ability to degrade INT,
alons or in combination with g:hor'muni:ian chemicals, in aqueous solutiouns.

Thaza modalg includse:

1., Corona Oxidation (Innova Process) - uses elactrolysis and graphite
fiber particles; results in degradatiom, both singly and in mixcures;

degradation products not identified; bhoth oxidation and reduction processas
seem to cccur (Kobylinski and Burrows, 1983).

2. Combined UV Radiacion~Ozoune Treatment -~ apparently useful for removal
of TNT from ralatively small and clean process screams (Burrows, 1583).

3. UV Radiatiom with Hydrogen Peroxide = results in an increasad rate of
dastruction of TNT whea 0.01% hydrogen percxide is added to mixed zunition
wagstas (Noss and Chyrsk, 1984).

Pilot scale.tageing of auchentic wascawacars would be the next stap io

evaluatiniullﬁit-nndlls considersd most promising as tsrtiary treatment
nathods. 5?

X=d




LI CONCLUSIONS AND RECOMMENDATIONS

emiological Zara, che Ha

i4

id

et ) -pawe o - -
s 20 :wg/lL. The DWIL Zor

for One=-day, Ldﬁ‘ud;: and _uu5=5 =Carm 2XTPCS
is 20 ug/L-€or lifecime exposure and tHe L1

atize HA, assuming 207 ralacive
source contribution, is 2 ug/L. TNT is classified EPA Group C, possidle hsuman
carcinogen. The classification of TNT in EPA Group C is based upon limirad
tivs cazncs r risk 2ssesszent, basad on the lizmized

4:...-...«.; \.Lde.. A k{.id-.al-d.\.al.av_ (== Foy ui=

data, 1s provided to support selection of uncertainty factors for the
recomended lifetime. HA,

el =]
Recommendartions for Addicional Data 3Base Development for rinicrocaluene
(Appendix 3), standard reproductive and developmental toxicity studies were

not availablae and should be counsidered in future medical research plans.
Alsa, anhrhalmalaginal svaluarion of workars in occupational sertings should

Fhdp @i § WM il e s - " DLk =

be routinely performed.
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APPENDIX 1

Incidence of Tumors in Animals
Fad TNT in the Diet for 2 Years



Tabla al-i. Incidence of Urinary 3ladder Le
in Female Rats Fad

-— e

3T for up

24 menchs

ions
I

Dose (mg/kg/day)

Lesion G.0 0.4 2.0 10.0
Mucosal 1734 Q/54 4/55 2/35
Hyperplasia

Transitional call 0/54 0/54 0/55 1735
Papilloma

Transitional-squamous 0/34 0/354 0/53 0/55
Call Carcinomas

Combined Papilloma 0754 0/34 G735 1/35
Carcinoma

Rafarance: Furedi at al. {1984a,c)

Numbaer with lesion/number necropsiasd.

sacrifices (12-24 mnntha)
p<0 05

p<3.01

Al-2

Includes those ratsg sacrificed ac
the end of the study along with spontanacus deaths and moribund
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APPENDIX 2

Incidenca of Myelofibrosis in Rata

TNT in the Diet for 2 Years



Table A2-l, Incidance of 3one Marrow Myelofibrosis
in Females Rats Fed TNT for up %o 24 zonths
3 P

- Dose (mg/kg/day)
Lesion 2.0 0.4 2.0 19.0

Myelofibrasis of 5/54 6/53 13/55°/ 12/54
Starnal Bone Marrow

Raferences: Furedi et al. (1984 a,c)

a/

Numbar with lesion/numbaer necropsied. Includes thosa rats sacrificed at

the end of the study along wich spontanecus deaths and moribund

sacrifices (l2~24 monchs)
b/
</ p<0.05
p<0.01
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Data Deficiencias/Problem Areas and Recommendations For
Addirional Dara Base Development For Trinitrotoluane



LNTRODUCTICN

The Gffice of Drinking wager (ODW), Znvirommental Protaction Agemey (Z27A), in
conjunction with the Deparcment cf the Armv, has reviswed cthe availasble data
on 2,4,5-trinitrotoluene (INT) for the purpose of develcping a Health Adviscry
(HA) useful in dealing with contaminacion of drinking watar, to tnclude
"srzace—-of~che=art’ information onm health errfeccs, analytical mechodology and
treatment technology.

OBJECTIVES

The cbjective of this appendix is to provide an evaluation of daca
deficiencias and/or problem areas encouncered in the review process for TNT
and to maks recommendations, as appropriate, for additiomal data base
deveiopmant. This document is presenced as an independent amalysis of the
currant status of TNT coxicology, as relacas to its possible presence in
drinking watar, and includes a summary of the background information used in
the development of the HA. For greater dectail on the toxicology of TNT, the
Health Advisory on Trinitrotoluene should be consuliad.
BACKGROUND

Trinitrotolusne, a pale yellcw to wnits crystalline subscancs, most
widely used military high-explosive with applications in shells, bombs,
grenadas, demolition explosives and propellant compositions (Department of the
Army, 1967). It is produced at cartain salected Army Ammunition Plants

faamt . L]
{AAP's) and lcaded at other AAP's. Production in tha United States between

1969=1971 was approximately 45 million pounds per menth with a total capacirty
of 85 million pounds per month (Pattarson et al., 1976 as cited in Ryom et
al., 1984)

It has been raported that as much as one half million gallons of waszewater
have been generatad per day at a single plant involved in TNT producticn
(Bartlay et al., 198l). The pollutants of grsatest coucern ara in wastewater
discharges from manufacturing, purification and load and pack (LAP) processes
at the AAPs, and are primarily designated "rad watar” and "pink water” (Ryon
et al., 198&8). These two major types of waates diffar substantially both in
composition amd treatment tachniques.

Rad wvater arises from the sellira purificatiocn procass for crude TNT, is high
in golids and, in one racovery study, contained approximately 0.6 THT by
waight 38 well as other subscancas, largely as suspended solids (Ryom et al.,
1984). Pink water results from plant clean-up and scrubbers processes, LAP
cperations and red watsr trsathent procadures and contains, in additionm to
approximately 1% 2,4,6=TNT, the other TNT iscmers and numerous degradation
products (Spanggord et al., 1978). Continuocus flov raw wastewater from one
AAP, prior to its final treatment by neutralization and sedimentacionm, was

Al=2
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astimaced to contain am average of 20 mg/L of -~THT (Nay es al., 1975 as cizad
in ?yon et al., 1984), These values varied from <0.03 £o 210 ag/L depending
on the site of sampling, production levels and stage of productica and/or
treactment {Spanggard «c al., 1%78).

reacment cechnology for red and pink waters differs considerably. Wnile che
volume of pink water generated is considerably higher, the handling of red
watars poses the greacast health risk. & sulfite recovesy process (SONCCO
Process; Ryen et al., 1984) appears most promising for treatment of red water
via recovery of sellits and conversion of impurities to natural products.
Current treatment of pink water involves adsorption on activated carbon. A
procass to regenerats the spent carbon, 1f successful, could increase the
efficiency and efficacy of this procass.

Various laboratory studies (Jerger et al., 1976; Spanggord et al., 1980)
indicate that the persistence of INT in the aquatic environment, while varying
somewhat due to physical and bilological conditions, 13 considered low due %o
degradation both by photolysis in the water column and bacterial species in
sadiments. Parsistences in soil and groundwater is langthier with one study
(Sanocki et al., 1976 as cited in Ryon et al,, 1%84) indicating a level over
3000 mg/kg in a former waste lagoonm now £illed with sediment and coal wastes,
20 years aftar its active use as a disposal site. Biocagccumulation in
organisms i3 not considered a significant problem (Ryon et al., 1984).

The pharmacokinetic properties of TNT have been studied in dogs, rats, amice
and rabbits. Availabla data indicata that it is well absorbed by inhalazion,
ingestion or skin contact, datoxified by the liver with a low distribution to
other tissues, and is excreted primarily im the urina. It is metabolized
largely by reducticn of the nitro group, extanaively in all four species and
similarly in rats, mice and dogs (Hodgson et al., 1977).

- mwus ol ob o e m st en v
&3 Siis monoamine

diaminamononitro derivatives. Liztla unchanged TNT was found. Quantitative
diffarences in metabolites wera evident when diffarent trsatment routes were
used. Rabbits appeared to metabolize TNT at laast quantitatively different
than other specias. A red pigment in the urine, believed to rasul: from a
metabolits of TNT and evident in humans exposed to TNT in the workplace, was
alsec found in rats and mics but its sourcs could not be identified. (Zl-hawari

az al., 1981).

While numarcus effacts of TNT in humans exposed during the manufaczuring
procass have been reportad, the most parsistent affects involve tha
hematopoietic system and the liver (Zakhari and Villaume, 1978). Cccupational
nealzh surveys (Friadlander et al., 1$74; Mortonm.and Ranadive, 19743 Buck and
Wilson, 1973) indicace that chese effact3 are genarally detectable by changes
in the hematological and chemical parametars of the blood and are reaadily
revarsibla upon removal of the {ndividual from the source of exposurz.
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. Cataract development in occupationally axpcsad workers has Deed reportad
(Hassman and Juran, 1968; Hassman et al., 1973; Harkcnen ez al., 1383; Makicie
et al., L%84), but mot among U.S. muniticns workers.

aAcute toxicity studies were conducted in rats and mice with LD_. s ranging from
approximately 300 to 1320 mg/kg in male and female racs and from 660 to 1013
mg/kg in male and female mice (Lee ec al., 1975; Dilley et al., 1978, 1982).
Toxic signs included inactivicy with tremors, proceeding to symmecrical
coordinatad convulsions, with death usually dus to respiratory paralysis.
Survivors showed signs of ataxia and cyancsis. Red urine was noted in both
species within 10-60 miouces of dosing.

In skin and eye irritation tests, TNT produced no to mild irritation of rabbit
skin but did not irritata the eye when washed within five minutes. Longer
periods of contact resulted in iricis and corneal opacity. In the guines pig,
TNT was a moderace sensitizing agent (Lee at al., 1975; NWewell et al., 1976).
Red staining of tha skin and tissues surrcunding che eye was evident.

Four-week feeding studies conducted by Lavine et al. (1984a as Appendix IV in
Turedi et al., 1984d) inm B6C3Fl mice at levels up to 700 mg/kg/day producad no
mortality and few toxic signs. Ac che high dose, body weight was low,
bilirubin was increased, kidneys and tsstes of males were significantly
decreased in weight and whits biood cell counts were low. Females had
increased platslet lavels. The only significant pathological lesicmn found in
this study was a diffuse increase in the amount of hemosiderin-like pigment In
the red pulp of the splsen. At 100 mg/kg/day, body weights were only
occasionally and slightly decreased, bilirubin was increased and hemosiderosis
of the splaen was of minimal severity. Red urine was evident at high dose
lavels.

Dilley et al. (1978, 1982) conducted four-veek f{=eding studies ia dogs, rats
and mice at levels up to 20, 100 and 185 mg/kg/day, respectively. Red urine
appearad in dogs at the high dose and in rats and mice at the two highest
lavels. Significant findings ia all thrae species included a decrsase in body
weight with an accompanying decrsase in food intaks, mild o moderats ansmia,
and increased splsen veights with hemosiderosis. Rats also showed signs of
tasticular #¥rophy and incresased liver weights while dogs and racs had
increased cliplestsrol levels and decreased serum glutamic pyruviz—-acid
transapinase (3GFT) activity. Ia the ons dog/sex/level allowad to recover for
four weeks, iron lsvels were greatly increased in both sexss. In the rat
study signs of tasticular atrophy and hemosidercsis of the splaen were also
seen at che next highest treacment level, approximatsly 42 mg/kg/day. Elfascts

wars ok of o Y
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This four-wesk feeding atudy was continued in surviving animals for an
additional nine weeks (Dilley et al., 1978, 1982). Rats showed a persistent
negative sff2ct on bedy weighe whils anemia remained evident in all three

species. Rats and mica had hemosiderosis of che spleen and dogs and mice had
Ad=d

N



2levazed liver weight with some necrosis evident in mice. C(holesterol levels
wera increased and SGIT activicy was decreased in dogs and rats but wers not
studiad ia mice. Only one death occcurred in chese studles wich one dog dving
during Week l2. -Signs of anemia were mininal in degs. In the rats, aneaia
and hamosidercsis of the spl2en were also evident at che 33/=mg/kg/day level.
Tron levels were decreased Lin males at all but the lowest dose and glucose was
dacreased in the two lowest dose levels., High-dosed male rats-fed INT ZIor 11
waaks ware reportad to nave tasticular acropay and ayperplasia or che
interscicial cells. The only effect reported as treatment-related for mice
fad TNT for 13 weeks was hemosidercsis of the spleen., Some nacrosis of the
liver was seen in the mice allowed to rtecover for an additional four weeks.

A l3-week feeding study conducted by Levine et al. (1981, 1984b) in Fischer
344 rats fed TNT at levels up to 300 mg/kg/day produced similar results.
Lethargy and ataxia were observed early in the study. Small cesticular size
was nocted by palpation during Week 6 in the high-dosed males. Reductions in
body weight were seen at most dose levels in males and in females at 125 and
300 mg/kg/day. Other dogse-related findings included anemia, elevated serum
cholegtercl levels, hepatcmegaly, tasticular atrophy, and increased spleen and
kidney weights. Histopathology ravealed brain lesions, hepatocytomegaly,
increased pigmantation of the spleen and the kidney, splenic congestion and
tasticular lesions. ‘

In a 90-day feeding study in monkays (Marzin, 1974) and dogs (Hart, 1974), the
only effects raported as possibly creatment-relatad were necrotic or abnormal
magakaryocytes in high-dosed femals monkays (1.0 mg/kg/day) with increasad
{ron-positive matarial im the liver cord cytoplasm and a slight increase in
hemosideroais of the bone marrow in high-dosed (1.0 mg/kg/day) dogs.

Levinme et al. (1981) also studied the effects of TNT on dogs dosed over a 26
week period. Two deaths occurred at the highest dose lavel (32 mg/kg/day).
Other effects at this level included dehydracion, weight losa, jaundics,
hypothermia, diarrhea, ataxia, anemia, elevations in bilirubinm, serum globulin
and lactic dehydrogsnase (LDH), and decreases iz SGPT and glucoss.
Histological axamination rsvealed hemosiderosis of the splaen and liver,
splenic congestion, incrsased spleen and liver weights, hepatocytomegaly with
hapatocytic cloudy swelling and cirrhosis. Effects on the liver vere evident
ar all dose lavels (0.5 to 32 mg/kg/day), although minimally so at the lowest
dosas.

Lifu:inn.fnéding studies wars conducted by Fursdi et al., (1984a-£) in Fischer
344 rats and BSC3IFL mica at levels up to 50 and 70 mg/kg/day, respectivaely.
Significant adverse effacts in rats fed TNT for two years includad decTmases
in wsight gais and food consumption, anemia, mechemoglobinamia, myelofibrosis
¢f tha bome marrow, congestionm, axtramedullary hematopoiesis and hamosiderosis
of the spleen, increases in liver, kidnay and spleen weighta, hepatocellular
nyperplasia with cystic dageneration, alzesracions in l1ipid and protain
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metabolism, spotted and cystic kidneys wich pigmentacion, inflammation and
_ymphocytic infiltration, hyperplasia of che ranal pelvis and urinary bladd
hyparplasia, papilloma and carcinoma. Several eflects were signilicant ac
2 mg/kg/day dosa level.

o
=
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Ia the sctudy in mice, effscts related to TNT intake included mild dacreases iz

waight gain, anemia, occasional elevatiomns in relative weights of the liver,
kidnays, spleen and heart, extramedullary hematopoiesis of the spleen,
cytoplasmic vacuclization of the renal tubules (males), renal lymphocytosis
and snlarged spleen and lymph nodes (femalass). Effacts in mica were seea in
animals receiving 10 mg/kg/day or mora.

Trinitrotoluens was reported to be strongly mutagenic in Salmonella

zg imurium in all test strains at various dose levels (Ellis et al., 1978).

Ln VIVO cy:ageuzc ana;yszs on bone marTow cells from tats tsvealed oo avidence
of gena:ic damage induced by INT while an in vitTo measurement of unscheduled
DNA synthesis (UDS) in human diploid fibroblasts suggested a positive response
at higher dosa levels (Dilley et al., 1978).

Ashby at al. (1985) reported a naegative rasponsse in a mouse bone marrTow
micronucleus assay while ar in vive/in vitre rat liver assay for UDS was alsc
negative.

Intake of TNT in the diat for two years at levels up to 50 mg/kg/day in rats
was reportsd to cause cancer in the female animals. Female rats fed TNT ac IO
and 50 mg/kg/day showed am incrsase in the incidence and severity of

hyperplastic, prenecplastic and necplastic lagiong of the mucosal apithaliy

of the urinary bladdar (Furedi et al., 1%84a~£).

No studies om the possible reproductive or developmental effects of TNT were
found, Howavar, potantial reproductive effacts were noted in l3-week feeding

studies (Lavine et al., 1981, 1984b).

Several methods of chemical analysis for TNT in water have been raportad witch
a high performance liguid chromacography (HPLC) mathod apparently suitable for
datection of TNT in LAP discharge vastewatar samples. The lower limic of
detection wam rsportad to be 0.l ppm (Spanggord et al., 1978).

Treatmant of "rad watsr” and "pink water” wvastas 13 accomplished differvencly.
A sulfite recovary (SONOCO) procsss appears most faasible for treacting red
watar wastz and has been adaptad for use ac the Radford AA? (Ryom ac al.,
1984),

Granular activatead carbor (GAC) adscrpticn is the currsnt method for treating
pink water wasctas. A mathod to regenerata the spent carbon i3 under
development (Pal and Ryom, 1986) but the presence of other munitioms in the
wastewacer places limitations on the GAC method (Burrows, 1982). An alcernate
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aydzoperm microfilzrazion systam is undar develeopment (Sundaram =ac al.,, .33.
as cited im Pal and Rycwn, 1338).

3ased on the significant findings of cthe foregoing studias, HA values Zor
Cne~day, Ten—days and Longer-ferm were established ac 20 .z/L, the Drinking
Water Equivalent Level (DWEL). A DWEL is defined as the medium-speciiic (in
this case, drinking watar) exposura which {s interprected to be protective for
non-carcinogzenic endpoincs of toxicity over a Lifatime of exposure. :ai3 OWIL
is calculated for a 70 kg adult consuming 2 liters of water per day. The
Lifetime HA is 2 ug/L and assumes 202 relative source contributiom. TINT is
classified as EPA Group C, possible human carcinocgen.

The estimated excess cancer risks assoclatad with lifetime exposure to
drinking water contajning INT at 20 ug/L and 2 ug/L have bean calculated tc be
2x 1077 and 2 x 107 , ragpectively.

DISCUSSION

Available data on the pharmacckinmetics, health effects, analysis and treatment
of TNT have been reviewed,

The pharmacokinetic propertiss of TNT have baen studiad in variocus species and
results indicats that it is esasily absorbed, and that metabolism is
qualitatively similazr, if quancitacively diifereac, ia all chres spaciss.
Little data is available oun the metabolism in humans; however, humans as well
as rats, mice and dogs (at high-dose lavels) produce a metabolite, as yet
unidentified, that causes a red color to appear in the urine. Identificacicn
of this color-producing mectabolite could be significant to tha zstabolic
profile of TNT but does not necessarily impact on the development of a Ha,

The available studies on the toxicity of TNT include LD, s in rats and mice,
short-cerm {four-weeks in dogs, rats aod migs) and longer—ferm (l3-weelks in
dogs, rats, mics and monkeys; Z6-weeks in dogs; and 24-months in rats acd
mica) studies including assessments for carcinogenic potencial. Resulrs of
these studies produced gimilar rssults in most speciass with effects on the
hematopoliatic system (amemia with relacad affects in the apleaen} apparent froam
the shortpae tara through lifetime studiss. Effects on the hepatic and renal
sSystams htlal- apparent with increasing length of exposurs. Available daca

follauin‘ﬁhnlnn exposurs ta TNT in the workplace indicazes similar effects in
tha varions human gvaramas, Tha nnTv snlminﬂ inconsatscancy in thess studies

was the tasticular a:rcphy apparent in the sevaral studies in rars fed INT fov
up to ll-weeks but not avident in a lifstime study in this species. Data

suitabls for Ona-day, Tan-day and Longer—-carm BAs ara upavailable but the
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DWEL of 20 ug/L is considered to be & conservative estimate Zfor safa exposura

levels for nom~carcinogenic endpoints of toxicity over a lirscime of axpeosura.

These daca are supportad by consiscent 2ffzcts 1o Che various longer-terx:
studies.

In view of the testicular effeaczs in rats, the need for a three-generaction
reproduction study aleng with developmental studies, both of which are
currently lacking, is of primary importance.

While the various mutagenic assays differed somewhat in their rasults, zost
negative data occurred at low doses with positive results for mutagenic
activity pradominating at the higher doses. The results of im vivo and in
vitro assays for cytogenatic effacts wera somewhat uncertain, largely due to
limitacions based on solubility of TNT in the various systems and to
intarfarenca from discolorations in the samples. UNevertheless, mutagenicicy
studiaes are adequata.

Evidence has been presented that TNT i3 carcinogenic to rats. The carcinomas
of the bladder in female rats fed TNT for Z years were not praviously
indicatad by short-term toxicities (but identification of the red
color-producing metabolite of TNT becomes of possible sigmrificanca). In the
mouse study, TNT was administered in the diat for up to 24 momths. Groups of
75 mices per sgex received TNT ac doses of 0O, 1.5, 10, or 70 mg/kkg/day. Tem
mice per sex per dose were killed following 6 and 12 months on test with
surviving animals killad after 24 months of treacment. The major systemic
affacts observed in the high (70 mg/kg/day) dose group included anemia with
hepatocoxicity. This indicatss the MID was achieved. The study authors
reported that the incidencs of combimed leukemia/malignant lymphoma in the
spleen of females increased with dosa. Thaey reported that the increase was
statistically significant (p<0.05) at the 70 mg/kg/day dose level (high dose)
and that the lesions vers coosidersd IS bs Trsatment-——rslatad. This was an
inappropriate conclusion based upon current NTP guidelines (McConnell at al.,
1986). These guidslines indicate that it is appropriats to combine all types
of malignant lymphoma and lymphocytic leukamia, but not in a single organ,

Thasa types sf tumors scour ..hrcugh*u: the h‘-“"u-"'"';-“"" acgic aysgem, Upon

racounting these tumors, by each sex or both sexss combined, in the whole
animal, thei seatistical significance is lost ({.e., p>0.05) using the
Fisher~Irwis Exact Test to compars dosage groups and the Cochran-Armitage Test

for Trend, Thavefors, bassd upon the ararierical analysas, thia atudy 1sg

congidered to be negative with no tumors ralatsd to TNT exposurs.

It has been raportsad in the litaratures that TNT may be associatad with
cataract formation in humans (Haasman and Juran, 1968; Hassman et al., 1978;
Zakhari and Villaume, 1978; Harkouen et al., 1983; Makieie ez al., 1984),
Similar findings have not been reportad amcng munitions workers in the United
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Sratag nor has this finding besn supported by data in racs and mice subjaczad
to sxtensive ophthalmic examinatioms at variocus pericds chroughout the J-vaar
faeding studies.

Several methods of analysis for TNT in wascewater have peen repcrtad. One
methed utilizing HPLC appears to be capable of being adapted to a sensicivicy
level suitable for detscting those leavels of TNT chat may be comsidered
wazardous to nealth. The lowar limits of detection for chis methoed were
reported as 0.1 ppm, lowerable by a factor of 2 at 210 nm (equivalent to 3Q
ug/L for this lower limit of decectability (Spanggord et al., 1%78)).

Methods for treating both “red" and "pink" waters are available. Since red
water has been declared a "hazardous waste" by the EPA (Ryom ec al., 1984),
its disposal by concentratioun, incineration and landfilling of the ash is no
longar cousidered suitabla. Altarnate methods of treatuent are under active
investigation (Ryom et al., 1984) and an adaptationm of a sulfite recovery
process (SONOCO) curreatly being used at the Radford AAP appears to he a safe
and effective treatment methed for this toxic waste.

Treatment of pink water, while not presencing as hazardous a waste disposal
problem, does prasant problems of econmomic feasibilicy due to the quantities
of pink watar wastes generated during the various production processes.
Adsorption by activated carbon has been and remains a viabla treatment mathod.
Methods to regensrate the spent carbon ars undergoing active investigaton
(Forstan, 1980 as citad in Ryom at al., 1984) and their development should
religva some of the esconomic burden of this wasta treatment method. An
hydroperm microfilcration system is also undergoing active study and =may
provide an altarnate treatment method {Sundaram 2t al., 1881 as cired in Pal
and Ryon, 1986). Both analysis and tresatment methods for TNT in wastewaters
are adequatas.

Based on the above discuassiom, the following conclusions/racommandaticns are
made: ‘

1. The available studieas on the ctoxicity of TNT are generally
considared adequats for developmenc of a HA useful in dealing with
tSe pocsucial contamination of drinking watar.

2. No data ars available on tha reproductive snd devalopmental affects
of TNT. In view of the tasticular affects seen in racs fed TNT for
periods up to l3-weeks, a thres-~gsneracion reprcduction gtudy and a
study to determine possibls developmental effects, utilizing
currently accaptad protocols, i3 racommended.




available data. on zhe occureace of cataracts in European workars
clearly indicage chat TNT deces produce this eflfect. However, actual
air_%gvels{ absorbed dose, and mechanisms of coxicity are noc clear.
These difficulties are compounded by the fact that cataracts have rot
been noted in U.S. TNT-workers. Cataract development is am effect
chat must be clarified by furcher studies to decerzine the dose and
mechanism producing this effect. Additiomal studies in individuals
exposaed to INT in occupational settings should be congiderad. In
particular, thorough ophthalmological examinacions should be

routinely performed.
Aside from the aforementioned data gaps, no further studies on TNT,

as ralates to its possible presence in drinking water, are deemed
necessary at this time.
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